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ABS1:RACT 
The nutrient contribution of ·septic. tanks. to a lake was evaluated 
at ~ake Sallie> in glacial outwash terrain of northwestern Minnesota. 
Groundwater entering t.he. la~e .was collected by c~veriug O. 258 rr...2 o~· iake: 
bed with a bottomless cyclinder vented to a~eflated plastic bag. 
Inflow velocity ranged from 0.01 to 2.5 micrometers per.second along 
,.,, (' :;,- ,,.,. 
.:>t.Ji~ o.c the lakeshore • Gr")undwater inflow along an 800. m. segment of > 
, 5 , , - , " - , -.. ,- '. ,, . '· 
shore amounted to 4.50 :x 10 m3/year,.and·was uniformly distributed. 
alcng the shore> but decreased exponentially away from shore. 
Effluent from. a heavily-used lakeside septic tank fanned out· 
along the surface of the water table> and entered the lake within 9 m 
of shore. Phosphorus was fixed in the soil-near _the septic tan..~ but. 
40% of the effluent nitrogen reached the lake. Sampling.lakeward·and 
landward of _five septic tanks indicated that nitrate and possibly 
am::::onium ions travel in groundwater and that ni.t.rogen·is contributed 
to groundwater by septic tan.~s. 
Seepage. entering the. lake contained as u1uch as 3.67 mg soluble 
orthophosphate/liter but ·no pattern was apparent regarding land use and 
phosphorus content of groundwater. A ·nearby eutrophi.c lake wa~ a. : 
suspected source of both. phosphorus and nitrogen in groundwater inflow. 
Along the only lakeshore adjacent to cropland, seepage was nitrat.e-rich 
(2.19 to 50.4 mg nitrate nitrogen/liter) within 8 m of shote and 
nitrate-poor (less than 0.022 mg nitrate nitrogen/liter) farther off-
X 
INTRODUCTION 
Many cottages and sum.mer homes along lakes and _streams have 
septic tank or cesspool waste disposal systems which discharge irito 
the soil. Several writers (Nichols, 1965; Hasler and Ingersoll, 1968; 
Bennett, 1969; and Rose, 1972) have suggested that nutrients from such 
;;ources pose an enrichment hazard to surface waters. 
Schraufnagel and others (1967} estimated that 42% of the 
nitrogen and 2.3% of the phosphorus reaching surface waters in 
Wisconsin came from groundwater. Tilstra and others (1971) found 
that septic tank. wastes were being safely disposed in lava terrain 
at Waldo Lake, Oregon; but they warned tha.t contin_ued use of the system 
might endanger the lake. Brydges (1972) presented iron/phosphorus 
ratios of lake water as evidence of septic tank enrichment. in Ont:ar.io. 
Iron/phosphorus ratios ranged from 71 to 18-for six lakes without 
cottages, from 9 to 3.5 for three lakes with cottages, and from 10 to 
0.33 for three lakes with bath municipal and agricultural nutrient 
sources. 
Evidence taat subsurface waste disposal is responsible for 
lake enrichment appears entirely inferential. There. are no detailed: 
studies of the long term changes which follow lakeshore development, 
and records of groundwater nutrient concentrations prior to development 
are nearly always lac~<ing. 
This study was undertaken to develop a method for collection 
of grou_nd-;.;ater entering lakes, and to use this: method, along with well 
1 
z 
sar::pling, to £ind the amount and sou.cc.es of nutrients in groundw2.ter 
flowing into L3ke Sallie. 
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DESCRIPTION 0}' STulJY I.REA. 
Lake Sallie is in northwestern Minnesota 3.5 km. soutnwest of 
Detroit Lakes, in a hilly area with many closed depressions (Figure 1). 
The soils are dark, excessively drained> sandy loams developed fror.i 
calcareous gravelly cub.lash (Becker Soil and.Water Conservatiort.District 
1968). The clay in the soils is assumed tc be predominately montmoil-
lonite (Diedrick, 1972).· Clean, surficia1 sand and gravel described as 
glacial out:-wash is 5 to 30 m thick and overlies a clay-silt layer · 
(McBride, 1972a). 
Cabins occur on the southeastern, western and northern margins 
of the lake (Figure 1). Lancl adjacent to the sout.hwestern shoreline is 
largely agricultural and deciduous forest borders the northern balf of 
the lake. 
Nost of the 186 lakeside dwellings have- septic tanks 7 but many 
cottages are not used intensively. Less than half are used mere than 
three weeks each surn:r.:ie.r and only eight or· ten may be considered 
per.:nanent or semi-permanent. Based on observations during the ~wo-year 
study and on interviews with many lakeside inhabitants, occupancy was 
estiraa.ted at 20~000 to 35,000 man-days per.year_ 
McBride (1972a) reported a uet ground:•:..atar in.flow into Lake 
Sallie of 2657 and 3059 acre-ft (1 acre-ft~ 1~240 rn3 ) for water years 
1969 and 1970, respectively, when calculated as a residual. By use of 
the Darcy equation he calculated inflows of 1510 and 1420 acre-ft/year 
on tne basis 0£ seasonal ro.a:dmuo and mini.mum water table conditions. 
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Fig.· 1.--Hap of Lake Sallie area. Reprodui;::ed from 
United States Geological Survey Audubon, Minnesota quadrangle. 
Contour interval is 10 feet. Lal..:e levels are in feet above 
sea level,. 
Legend: 
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t::,. "" U. S. Geological Survey .well log referred· to 
in text. 
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Shallow areas of Lake Sallie have mainly san<l and gravel bottoms, 
trnt in. dense we.2.d beds., in water rnore than 1. 5 m ci2ep,. L~ c:c of light-
Pr·ecipit.ation. in 1971 e.xceetl~d the. no1:-m~~1 by 16 ~ 97 en. The 
tirst half of 1971 received less than normal rainfall, but t:he second 
l-1alf was unusually wet ('i'able 1). 
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TABL.E l 
.MO.NTtlLY PRECIPITATION AT DETROIT L.:"i.Y...ES, HH-fflESOTA 
Precipitation (cm) 
Moath 
January 
February 
Nar-ch 
April 
Hay 
June 
July 
August 
September 
October 
Nov2mber 
Dec.ember 
Annual Total 
Normal (1931.-60) a 
L.73 
l.65 
2.31 
5 • .31 
7.45 
10.03 
8.82 
10.03 
4.88 
3.30 
2.59 
1. 78 
59.87 
au.s. Department of Comil).erce (1964) 
hu.s. Department of Com.~erce (1971) · 
cspilcan (1972) 
1971b 
L88 
2.34. 
.. 
J..83 
2.13 
. 4. 6L, 
·13.44 
11.48 
6.96 
17.08c 
ll.38 
3.05 
0~64 
76.84 
. ' 
-
~· --
Departure 
:. l:r~m Norm. 
.., ... 0.15 
.. 
-
"+ 0.69 
- - 0.48 
3.18 
-
2.81. · 
+ 3.41 
+ 2.66 
. ,_ 
-
3.07 
+l.2~20 
;. + 8.08 
+ 0.46 
-
1.14 
+16.9-7 
.t-1.\TEPJALS AND }IETHODS 
The study involved sampling and analysis of 1) groundwater in 
the vicinity of lakeside septic tanks and 2) seepage inflow near the 
lll.a:rgin of the la.k.e·. 
Septic Tari< Bracketing 
At each of four sites, t:wo standard we.lls 
driven about 1 m into the water table lakeward and landward of the 
septic tank on a lina perpendicular to the lakashore •. Ac a fifth site 
it was possible to locate a well only on the lakewa~d side. Elevations 
of well heads were referenced to lake level. which was read on a staff 
gauge at the Muskrat: Lake inlet (Figure. 1). · 
Groundwater ch'::"!cistry was monitored monthly fr.om July, 1970, to 
n.~ce.mbe.r, .1971. In 1971 water table elevations were :measured prior 
to sampling. A sample was collected after pumping 40 to 60 liters of 
-.,. ;:; ~ 
.·1 
-· .. :~.,; 
water from each well with a pitcher pump •. Groundwater temperature was 
measured with a thermistor thermometer after sampling. 
SeeEage Measurement and Collection 
2 Seepage into the lake. was collected by covering a O. 258 m. 
of lake bed with a bottoml.ess cylinder vented to a deflated plastic bag 
(Figure 3). The cylinder was pushed slowly,. open end down, into-the 
lake bed until its closed end was about 4 cm above the sedim.ent. It 
was positioned t.o elevate the vent hole sligh.tly so that ga.s, originat-
ing in the. sediment, could freely escape. The cylinder was le_ft for 
8 
:.-· 
9 
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= 
Cai? 
0. 032 n (1.25 inch) Steel Pipe 
Concrete Seal 
Coupling 
0.032 m (1.25 inch) 
m (2 ft:.) long 
Fig. 2.--Standard observation well.. 
~· .. "--. = ... 
, 
10 
-'-. 4 liter, 0.017 w:-:1 tt:ici:-. plastic bag (open end wa:;; heat se.aled) 
. .., I{uhber b·and t1r.1p 
3. Q.64 c~ (0+2S inch) inside dia~~ter, pQlythylene tubing 
4. 0.79 era (0.31 inch) inside diau.::ter,. soft-rubber tubing 
5. Himber 5~, one--hole, rubber stopper· with polye.t.hyJ:ene, t:ubi.ng 
6 .. Epoxy-coated cylinder> o.i5 cm x 57 cm diameter 
a 55 gallon 31:eel·drum) 
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Fig. 3.-Full-sacti.on vtew of seepage collector. 
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several days to enable benthic organisms to escape. Then a stopper 
with tube was inserted into the cylinder hole. To collect a sam?le~ 
a. deflated tic bag was connected to the ar .. d left u.ntil it 
contained a I:z to 3 liter sample, or for a Specified time.. Le.ss than 
5 ~1 of lake water entered the bag during connection. The sample 
volume was measured and a portion retained £or chemical analysis. 
Collectors were le.ft in position with tubes open to the lake between 
sampling dates. They -were removed with a light;-weight,. steel picket 
notched to hook the lower cylinder edge. 
velocity was calculated iising the following equation: 
liters of water in the ba,;,-~~~~~~~~~~-""-~ X 1.075 ~ 
hours of elapsed time velocity as micro.meters per 
second {Mm/ s). 
The factor 1.075 simply converts liters per hour and area oft.he 
cylinder to micrometers per second. Expressed in this way~ velocity 
is equivalent to discharge as milliliters per second over 
a sqLk,re meter of lake bed. 
Initially, 0.32 cm (1/8 inch) inside diameter tubing and 0.40 
l:it:er bags (0.070 Ill!ll membrane) were used. A .test showed that 
this tubing red.uced velocity by 30% where tubing (1.4 cm and 
0.64 cm) gave seepage velocities of 0. 7 µm./s. ·After 22 June 1971, 
0.64 cm inside diameter tubing and 4-liter plastic bags (0.017 IlID1 
membrane) were used. 
During ice cover, a one-hole screw plug with a longer tube 
enabled connection of the plastic. bag through the ice. The tube was 
removed with an underwater wrench (Figure 4) after each sampling to 
prevent its free.zing and stopping flow. 
l 
12 
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i DRAWN TO Sw\LE . 
Steel 
Polyethylene Tubing - ( 
Screw Plug 
(liexagonal Bead) 
Washer 
· · Epoxy Coating 
Fig. 4.--Full-section vi'=-w of unaarwater wr~nch and one-hole 
screw plug ,.rith tub2. Full-section view~ ~ihe.n. bent slight:ly and 
inserted into the wrench handle, the tube hold~ the plug in place 
until. attached and also guide::; the wrench t:o the plug for removal. 
Measurem~nt points were mapped using land.marks, aerial photo-
graphs, and a graduated rope. Water depth was measured -with a pole 
ma.rked at 0.1-m intervals. A metal tactor was used to find coll~ctors 
beueath ice cove.r whe.n marker stakes wEre: obl:f.terated. Except during 
ice cover, work was done by wading and shallow diving. Heasurements 
-we.re made in water 0.15 to 1.6 m deep ,..rith no regard for bottom type. 
Tracer Studz.· , 
Wells 
-
Tt.7elve, srnall·dia:meter wells (Figure 5) ·and 15 seepage collectors 
were used to ·assess contributions from a s:fsi.gle septic tank. Small 
diametecr wells were preferred because they c.oul.d be ~'loved easily.· They 
were placed in t:",,;ro rows parallel to the shoreline on the lakeward side 
of the septic tank. Perforations in th~se wells allowed some soil t:o 
enter from the saturated zone. 
Fort:y:--five kg (100 lb) of crushed rock. salt: (NaCl.) were dis-
salved in 350 liters of water and stirred into the settling tank. This 
~as done twice b2cause 5 days after the first dose, t:he influent line 
clogged and the owner, believing the. septic tan..7-.c. was plugged,. had. i.t 
cleaned. This may have provided a pre-tracer because little or no 
discharge would occur while the septic tank refilJ.ed. A second slug of 
salt was added on 28 August: 1971 when the septic tank had refilled. 
Sample Collection 
Wells were samplad with a polyethylene sampler (Figure 5) 
similar to sand pumps used by local well drillers- The sampler was 
topper 
saropl~~ 
til it 
ss tban 
:nple 
sis. 
between 
picket 
::i_uation: 
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e:locity 
Jnd over 
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f1 
3 ra 
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SA.Nl'LER 
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tsr---~-~ I ..;--c~~s1:eel Cap 
I • ) L 
I JI If D u 
T1J 
~~~steal Pipe· 
1.6 mra. H 
D 
l.64 tl 
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B-· Epo~y Coa.t:ing 
D 
0 
0 
and po 
Fig. 5.--Full-section view of ~all-diameter well 
tnylene. sampler. 
15 
inserted to the bottom of a well and jerked up and down~ the ball in 
thz tip acted as a che·ck valve on the upstroke but permitted inflo·w cc. 
tlt2 downstrok.e. When full, the saraf>lec was removed £:roni the:. well and 
emptied. The first sampler load was dlsc.a.rded. To minn-dze disturb2nce 
of groundwater flow, only 0.6 liters of water and 20 ~a 30 g of soil 
were removed at each sa.mpling. Wells and seepage collectors were 
sampled semimonthly from August through. November 1971. 
Chemical·Analysis 
. Water sample.s were either frozen and analyzed several weeks 
later OT stored at O to 5 C and. analyzed. t~ithin 48 hr after collection. 
Analyses for ammonia, nitrite, and nitrate nitrogen, and for soluble 
orthophosphate w2re according to the 12th and l3t:h editions of Standard 
Methods (American Public Health Association, 1965, 1971)~ Prelini:nary 
tion for total phosphate followed the: persulfate procedure of the 
Enviroru~ental Protection Agency (Dominick, 1971). _ To obtain particulate 
matter (if present) for total phosphate determination, the sample was 
shaken, allowed to sett:le 30 to 40 s &"l.d. a portion pipetted from the 
center of the sample bottle. Specific conductivity was measured at 
20 C with a conductivity bridge. Chloride was determined with a 
specific-ion electrode assembly. Filtration through medium grade fi1ter 
paper (equivalent to Sargent 501) preceded all determinations except 
ammonia and total phosphate. 
Gi:01051:ical _Data 
At all well sites limited information on surficial geology was 
obtained by hand augering, by the appearance of the groundwater, and by 
16 
tlls:. £eel of the driver during well installation. The United States 
G2ological Survey condur:ted a concurrent study and provided additional 
'Lnfor;j1ation .. 
.{ 
.\ 
RESULTS 
Septic Tank Bracketing 
Location and features of the five septic tank study sites are 
shc;r,m in Figure 1 and Table 2. Heasureoent of water table and lake 
elevation in 1971 indicateo that groundwater mov~ment was la.~eward at· 
all sites except C and E in .late winter and at Site A in spring when 
flow was auay from the lake. 
Groundwater temperature was highest: (10.2 to 13.9 C) in 
September and Octobe:::- and lowest (below· 0 to 4.5 CJ in March .. But ·at 
Site D, where there was more overburden, groundwater.did not reach 
mini.mum temperature (2.1 and 2.9 C) until 23 May 1971. 
A belated test indicated that soluble orthophosphate results 
could be lowered by freezing samples for storage (Table. 3). Lake 
water was least affected but had 10% less orthophosphate after freazing 
To!:al phosphate., inorganic nitrogen forms and specific couductivity we 
only slightly affected oy freezing. Samples that were frozen for 
storage are marked.with an asterisk. 
Groundwater at the five study sites was pervaded with nutrien 
whlch made it difficult _to attribute con'"~-.:n,,ti·an  - to any source. At 
Sites Baud c h 
, ort ophosphate was often present i·n h igher concentratj 
landward of the septic tank 
, but at Site E was generally lower on th, 
At Site B t tal h landward side (Table 3). 
,,rard of the septic tank 
• 
o p osphate was greater land 
hut at Sites cad -
n twas generally lower OD 
17 
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TABLE 2 
FEATURES OF SEPTIC '.l.'ANK STUDY SITES, A THROUGH E 
-~"!"'o:=o:::::===-==-================-========= ==-- '=== ==-.. "'··-· ===== 
Site 
A 
H 
C 
D 
E 
' b Site Dimensi.ons (m) 
A 
4 
9 
16 
17 
20 
B 
10 
9 
12 
13 
26 
C 
a. 
17 
15 
27 
38 
D 
1 
0 
0 
3!i 
~l 
Haterial Around Septic Tank 
medium to coarse sand 
sand 
fine sand 
fine to coarse sand 
sand; small amount of clay 
at lakeward well 
aNo well. installed due to clay &t water table .. 
bLeg•:mtl: 
Age of Dwelling 
(yr) 
35 
35 
35 
'* 
55 
Landward<-
Hell. 
------~ 
Septicf--
C--; Tani< r--
---fl 
J3. ----'> Lakev1ard +- A --) 
Well 
Septic Tank Use 
5 people; summer weekends 
1%7-71 
3 p1::0ple; summers 
2 to 5 people; sunnner 
1960-~9, summer ,;,eek-
ends 1970-71 
G people; summer 1968-70, 
2 people sun~er seek-
ends 1971 
~ people year-round, 1951-
71 
Lake 
)-J 
co 
TABLE 3 
ANALYSES OF FRESH AND FROZEN WATER SAMPLES 
Source 
Lakeward trnll at 
Site A 
Lakeward well at 
Site D 
Landward well at 
Site D 
Huskrat Lake 
.. 
mg P04/liter 
Soluble 
Orthophosphate 
0.65 
(0.20)a 
0,34 
(0.06) 
0.43 . 
(0.07) 
1.38 
(1.26) 
Total 
Phosphate 
2.88 
(2.32) 
0.20 
(0. 24) 
0. 48 . 
(0 .44) 
1. 32 
(1,28) 
Ammonia 
Nitrogen 
.o. 46 
(0.47) 
o.oo 
(O. 00) 
0.25 
(O, 30) 
1.20 
(1, 28)· · 
nPtp;entheses indicate results on frozen samples 
mg N/liter 
Nitrite Nitrate 
Nitrogen Nitrogen 
0.000 0,003 
(0.000) (0.006) 
0.001 8.20 
(0.001) · .· (!L 20) 
0.000 ·. o·.002 
(0.000) . (0,004) 
0.010 , .. 0.132 
(O. 009) :: (0 .130) 
! 
. ! 
Specific · 
Conductance (µr11ho/cm, 
at 20 C) 
808 
(t:W2) 
476 
(l.1 
l,46 
( 
S22 
()lU) 
;.... 
LO 
.. ., .. _. __ ~~--·•w• '" , 
20 
th2. landward side (Table 4). At Site D, both wells were about the same 
with respect to ortI10phosphate and total phosphate concentration 
(~ables 3 and 4). 
Nitrogen i:.r.as invariably mor8 concentrated l.aki::,vard of all four 
septic tanks (Tables 5 and 6). Ammonia Yas the dominant form at'Sites 
B, C, and E and nitrate at D. 
·Nitrate movement ,;.;as apparent: at Sites ;l and D.. At B,, the. 
landward well had a maxi.mum of 0.34 mg/li.ter in September1970 and the 
l.ik.e:ward wall had a ma.-ic'....mum of O. 24 mg/lit.er i.n June of 1971. (Table 6) j, 
suggesting t:h.at the nitrate source. was. upstream f1:om beth wells~. At. 
Site. D. ·the. lakeward well peaked at 20.0 and 13.3 mg/litar in September 
of both. 1970 and 1971, three months after summer occu_pancy began (Table 
7). The landward well at D did not exhibit significant variation and, 
with one e..~ception> was always much lower in nitrate than the lakeward 
tvell. This suggests that: the sept:i.c tank. was the nitrate source. 
ThE!Se observa.tions indicated groundwater velocities of l .l to 2. 0 ,tem/ s 
(0.31 to 0.57 ft/day) at Sites Band Ds respectively. Nitrate declined 
sha.i:ply in the landward well at Site D when the well was driven 0.5 m 
dee.pe.r (Table 7) suggesting that nitrate was conce.utrat.ed near the 
surface of the saturated zone. 
Results from a single lakeward well at Site A showed consistency 
,.ith respect. to nitrogen fonns (Table. 8). 
Analyses indicated that nitrate. and possibly ammonia travel in 
groundwat.er and that at Sites D and E septic tanks appeared to co.ntribute 
nitrogen to groun~water. 
TABLE 4 
ORTHOPHOSP1IATE CONCENTRATION (mg/liter) AT SINGLE WELLS LAKEHARD AND LANDWARD OF FOUR SEPTIC TANl~Sa 
== '...a;; .. f::rn::t::r::T:V =- - - -- r:::r:::::::::r 
Site Il Site C Site D Sit{! E 
-~ - ---· 
Date Lakeward Landward Lak.eimrd Landward Lakeward Landward Lakem1rd Landward 
1970 
2.oab 7 July 0.63 0.50 o.oo 
--
-,-
28 July 0.57 3.60b 1.03 0.56 1.65 ¥-·· .... - ... - . 
3 August 2. 75 4,42b o. 61.f 0.38 o. 90 
·-· 
. _ .. .,,.' 
... - . 
10 August: 0,83 1.55 0.60 o. 57 . o. 63 · 2. 40 4.70 1. 28 
30 August 0.58 1, 35 · 0,47 · · 0.35 0.47 l),3Q 0.50 0,32 
13 September 0.49 J., 03 0.47 0.58 o. 25 0.00 0.20 0. :Llf 
1971 ., :.· ,,.1 
5 June o. 77 . 1, 63 0,57 o. 72 0.84 · o. n. · 0.16 1.11 
26 June 0,01 1.41. 1.13 0.27 0.56 . 0. 23 0. 73 0.32 
22 July 0.29 .. 1. 07 0.51 0 ,39· · 0.31 · 0.23 o. 
aomits data on frozen samples 
bThe well was within a meter of a pit.latrine and was moved Sm further from the lake after these 
suU1µles were. taken, 
N 
I-' 
TABLE 5 
TOTAL PHOSPHATE CONCENTRATION (mg/liter) AT SINGLE WELLS LAKEWARD AND LANDWARD OF FOUR SEPTIC TAHKS 
·= --·--· 
Site. B Site. C Site D Site E 
Date Lakeward Landward Lakeward Landward Lakeward Landward Lakewar<l Landward 
1971 
16 April* 1.66 0.24 0.34 0.42 0.31 1. 04 -- . N 
8 Hay* ... -. 1.50 0,07 0.05 1.12 0,9() 3.90 2.35 l'J 
26 June* 0.81 2.86 .... - ' 0 .56' 1.05 0.92 2.36 0. 'l'2 
22 July 0,89 1. 71 o. 80 0.63 1.07 o. 71 2,12 U. 91 
10 September* 0.50 1.90 0.40 0.36 0.20 ~ :· 0,60 2.14 .. -. 
10 October* 0.66 1,76 0,42 0,42 0,26 O, ll2 3. 
3 December* 0.68 2, 08 . ·o,66 0,56 0.38 . ·. · 0.56 2.38 1. 24 
*Samples which were froien for storage 
~-.Indicates no data 
'I 
., ,· 
TATILE G 
A.HMONIA NITROGEN CONCENTRATION (mg/liter) AT SINGLE WELLS L\KHlARD AND LANDWARD OF FOUR SEPTIC TANKS 
-- -
S:i.te B Site C . Site D Site E 
Date Lakeward Landward Lakeward Landward Lakeward Landward Lake.wurd Landward 
1970 
7 July 0.14 0.43 0.81 0.11 --. -- -- --
28 July 0.11 0, Ol, 0.96 0.1S 0.21 -- '7'- -.:--
3 August 0.17 0.361.) 0. 0 7 0.52 0.10 
10 August 0.23 0.25 0.94 0.68 0.15 0.16 L,, 07 0.10 
30 August 0.28 0.14 1.00 o. 61. 0.22 O.J.8 3.92 0.13 
13 September 0.31 0.31 1.10 0.68 0.29 0.32 4.0 0. 22 
3 October* 0.3G 0.33 0.99 0.56 0.20 0.22 li. 7 3 O.U7 
~.,) 
23 Octoberi~ 0.15 0.18 0. 90 0.60 0.08 0. 03 . 3. i3 0.03 l,J 
13 November~~ 0,16 o. 21 0.82 0.63 0.15 s. 4.1 0.12 
29 December* Frozen. 0.10 0.82 0.68 0.16 0.17 3.4 . Frozen 
1971 
23 January* Frozen 0.08 0.92 0.68 0,08. 0.01 3.4 
6 Harch7: Fxozen 0.18 o. :n Frozen d.06 0.22 3.7 Frozen 
3 April* Frozen 0.18 . 0. 89 0.73 0.13 0.32 4.0 Frozen 
16 April* Frozen 0.15 0.51 0.21 0. 011 0.01 3.9 Fcozen 
8 Nay* Frozen o.oo. 0.32 0.10 o.oo 0.01 2.7 o.ou 
23 Hay* 0,25 o.oo 0,43 0.29 0.20 0.42 0.50 
5 Jun:: o. 77 0.16 o. 65 · 0.15 0,19 o. 77 3.9 0.08 
26 June 0.01 0. o,. 0.45 0.19 I,,. ·. 0,00' o. 23 3.U o.ou 
22 -'fuly 0,29 0,08 0.53 0, 2l, o. 00 .: o. 23 . 3, 8 . o.oo 
9 September* 0.18 0.11 l.lU 0.70 o.oo 0.0.6 3. 9 , ""t-- • 
10 October* 0,06 0,19 0.95 . 0, 78: o.oo 0.21 · If , 7 i, . ..... - . 
3 December* 0.12 0.11 O. 7£! .· . 0.65 o.oo 0.07 2, 5<', Q.00 
*Sm111)lea frozen for storage 8 Well waa driven 0.531 m deeper 
~'.'::"'-c .... ,.,,.,, t-}·,.a:i ."Z,;,-'fk~ 
TABLE 7 
NITRATE NITROGEN CONCENTRATION (mg/liter) AT SINGLE HELLS LAKEWARD AND LANDWARD OF FOUR SEPTIC T.A.NKS 
-== .. 
Site B 
Date Lakeward Landward 
1970 
21 July 0.048 0.010 
28 July 0.060 0.013 
3 August 0.043 0.006b 
10 August 0 .OOlf 0.107 
30 August 0.006 0.32 
13 September* 0.008 0.34 
3 October* 0.008 0.041 
23 October* 0.009 0.004 
13 November* ··- --
29 December* Frozen 0.005 
1971 
23 January;'1 Frozen 0,005 
6 March* Frozen 0,008 
3 April* Frozen 0.011 
16 April* :Frozen . 0.002 
8 Hay* Frozen 0.002 
23 Hay* 0.040 0.003 
5 June 0.075 ·0.005 
26 June 0.240 0.005 
22 July 0. 02lf : 0. 00 7 
10 September* 0.003 0.002 
10 October* 0.005 ' I 0.001 
3 Dc.cembe1:;l: 0,009 : i · 0.002 
swell wae driven 0,5~3.m deepei; 
Indicat~s no data, 
... ~ ... -
·-· -----~--
--.~~---... ,, _____ -
Site C Site D Sit~ E 
-----·--· 
Lake.ward Landward Lakeward. Landward Lake\rn.rd Landward 
0.005 0,006 
0.006 0.007 1.57 
0.007 0.006 4,55 
0.005 0.004 0.258 1.50 0.004 0.214 
0.007 0,013 1.56 0.56 0 .013 0.26 
0 .09!.l 0.010 17,5 0.410 o.1uJ 0, 79 
0.004 0.062 20.0 o.t.so o.ous O.H2 
0,001 0.005 H. 7 0, 31,(3 0. tJO 7 u.Ul.'.i 
-- -- --
a. 
0.004 0.005 13.1 0,004 0.006 Froz eti. 
0.007 0.007 9,90 0,008 0.009 
0,004 Frozen 4. 02 · · 0. 012 0.006 Frozen 
0.007 0.222 2.55 ;. O.OOG 0.006 Frozen 
0.004 o •. 480· 3.74 0. 0011 0. OOtt l7rozen 
0.002 0. 228 3.70 0.001 U.U04 o.uoo 
0.003 0,061 J,U8 (J,003 0.003 
0.008 0.000 2.78 0.003 0.006 0.300 
0,007 0.005 . l. 25 · 0.009 0.010 l.3t, 
0,008 0.003 3.55 O,OU4 0, 002 0.549 
· 0. 006 0.002· 8,96 .. 
' 
0,004 0.002 
0,002 0,001 13,3. 0.002 0.002 
·. 0 ,002 0,002 10.5 .·· 0. 00.2. 0.002· u, 50 · 
*Samples frozen fo:r storage . 
bwell was. moved ~bout 5 m :\\.\:tt:her f roni th~ ).;:,1< e; 
tsJ 
.j."-
TABLE 8 
PHOSPHORUS AND NITROGEN CONCENTRATION (mg/liter) AT A WELL LAY..EWARD OF THE SEPTIC TANK AT SITE A 
Date 
1970 
21 July 
28 July 
3 August 
10 August 
30 August 
13 September 
3 October* 
23 October* 
13 November* 
29 December* 
1971 
23 January* 
6 March* 
3 April* 
16 April* 
8 May* 
23 Hay* 
5 June 
26 June 
22 July 
9 September* 
10 October* 
3 December* · 
,=:= -=-=: 
Soluble 
Orthophosphate 
1. 63 
1.50 
2. 3l, 
2,05 
l. 50 
1. 20 
... -
--
--
--
.,.-
.. -
--
::,.,.,.,.j . 
--
--
3.00 
· 2~ 72 
1.28 
~-.' 
. .,- . 
l 
--
Total 
·Phosphate 
~·-
' --
--
--
--
--
--
--
--
·, .... -- ' 
--
--
. ! . 
1.68' 
2.25 
--
l. 31 
2.78 
2.58 ! . . 
.1. 96 
2 18. ·. '. 
2 '60. , ·,·;., i .ii· 
, . . •· I" I, 
1. , I 
~ 
' ... 
*Samples which were frozen for storage .. •'' . ' 
=====~====----,·~=-·=.:==-==== 
Ammonta 
Nitrogen 
0.62 
0.55 
. 0.57 
O.SB 
0.54 
0.64 
0.52 
0.50 
0.62 
0. so 
0,55 
1.8 
0.50 
1.5 
0.38 
0.52 
0. t,6 
o. 38 · 
0,53 
O, JS . .' 
0,49 
0,53 
!:· 
Hit rite 
Nitrogen 
0.000 
0.000 
0.000 
u.ouo 
0.001 
0.001 
0.002 
0.001 
0.005 
0.000 
0. OOLi 
0.005 
0.000 
'O. 001 
0.000 
0.000 
·0.000 
0.000 
0.002 
0.001 
. 0,000 
0.000 
Hit rate. 
Nitrogen 
0.006 
0.028 
0.007 
0 .172 
0.007 
0.009 
0.004 
0.00'.') 
--
0.001 
0.007 
0.0(.Jl 
o. 009 
0,004 
0.003 
O.UU3 
0.005 
0.006 
0,006 
0.002 
0.002 
0.002 
N 
U1 
f OiOM -l'S_,,,, __ ''""'''",,...,,.""""""~•'··~ . .,,,.,~.,,-,~-.,~,-1'>·~•')'"'·"".·C'""l' ·'c~,._,.,,,,,,.,,,,~·"'°"'""~'~•··~-ri- i~•r""'"'·~~""'!'c•·..,._,..,.......,,,-,.,,-,,.,:-";,,,.__~_,,_,,,.,...,,,_,,w,., * '*"'' ., 
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Performance. of Seepage Collector 
Tes ts 
The S8epage collector was first tested near the fish hatchery 
,;;here a dam holds the level of Hu:::.irat Lake about 1.5 m higher than 
L:ike. Sallie (Fi.g'-rre. 1). Successive. samples from a single c.ollec.tor were 
chemically consistent and. distinct from lake water (Appendix,. Collector 
....... 
L\). Two collectors se.t at the. fish hatchery, 0.15 m apart:~· 7 ·m off-
shore, in 0.55 m of water> and monitored over a two-month period,. gave 
velocities from 0.596 t:o 0.854.,um/s (Figure 6). The collectors--: 
differed by about 0.1,;.rm/s. Variations were striJr-i.ngly synchronous but 
did not always appear to be due to changes in relative elevation of the 
two lakes (Figure 6). 
The effect of changes in the relative elevat'ion of the: two 
lakes may have been obscured by 1) changes in atmospheric pressure and 
U·-mperature (Christiansen, 1944; Peck, 1960) and 2) lack of sioultaneous 
measurement of velocity and lake levels. Compared wit.h daily averages, 
individual measurements varied by about lOi! (Appendix,. Collectors lE and 
lF). 
Collector lE, :i.n place for 12 days, presumably indicated ground-
water concentrations and Collector lF, successive changes after 
placement. Two replacement volumes (28 hours at O. 7 P'm/s) were necessa-ry 
to reach groundwater concentrations. Orthophosphate levels differed in 
the t:r,,ro collectors but ammonia concentrations were quite similar after 
about one day (Figure 7) . Total phosphate levels were similar on all 
sampling dates (Appendix; Collector lE and lF); nitrite and nitrate 
nitrogen from the collectors were generally less than 0.002 and 0.006 
mg/liter, respectively. 
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Fig. 6.-seepage. velocity i:leasurements from two seepage 
collectors set 0.15 rn apart and relative elevations of Lakes Sallie and 
Muskrat. Collector lE ~as set several days before Collector lF. 
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Fig .• 7 .-Orthophosphate and ammonia nitrogen c.onc.entration in. 
watex from t:,rn seepage callee tors set O .15 m apart. Collector lE (-0-:-) 
was set several days before Collector lF (-[]-). Lake concentrations are 
indicated by L::.i.. 
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A well, driven 0.75 m into the table 2 m bac~ from the 
shoreline, gave water chemically similar to that from seepage collectors 
and cListirrct from Jake. water (Table 9). 
T_!_3LE 9 
COMPA..1USON OF SEEPAGE, WELL, Mill LAKE i1ATER HEAR THE 
FISH HATCHERY AT LAE;E SALLIE 
Collector lEa Gol.lector lfa 
Orthophosphate, mg/liter 1.25 0.81 0.84 
Total phosphate, mg/lit.er 1.51 l.68 1.58 
.t\rnmonia nitrogen, mg/liter 1.35 1.29 l.17 
Ni tr.i te. nitrogen, mg/liter 0.001 0.000 0.000 
ilLtrate nit.rogen, mg/liter 0.004 0.003 0.005 
a.Sampled 29 June 1971 
bsamplec! 26 June 1971 
csampled 28 June 1971 
Problems 
0.62 
1.40 
0.01 
0.000 
0.003 
Most problems encountered in measuring seepage were due to 
improper placement of the coll.ector (Figure 8). Pluggi:o.g of the vent 
t1.ibe sometimes occurred in areas where sediment accumulated; this was 
prevented by ex-tending the opening with about 10 cm of pipe. Occ:a.sionallJ, 
plugging resulted from growth of algae and necessitated periodic examina-
tion and cleaning. 
Distribution and Nutrient Content of Seepage Inflow 
A preliminary survey was made to locate seepage inflow areas 
along the lake margin as a guide·to later work (Figure 9). 
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Fig. G.--·Possible failures of the seepage callee.tor: 
a. collector not placetl ,.;ith hole near highast ·point, gas from 
sedioeut accu:sulates and re.due.es seepage; b. collector placed too 
far into lake bed, e:l;fective area reduced; c. collector pu3hed too 
rapidly into sediment, leakage through "blowouts"; d. correct 
installation. 
JJ 
Fig. 9.--Results of preliminary search for ground-
water inflow areas, 10 to 24 October 1970. Numbers indicate 
velocity asµ m./ s. Each point represents one to four 
measurem.-~nts at the same collect.or. 
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During the ~inter of 1970 and 1971, eleven seepage collectors 
wer0 monitored in Lale Sallie and one in Lake Melissa (Figure 10, 
Collectors 1 through 9). Seepage rate a:: several collectors (2, 3.3, 
7, 8, and 9) was never greater than O.OJSµm/s and was frequently zero 
(Appe.udLx) • Seepage rate at other collectors (lA, 4, 5A and 6) was 
occasionally ve.ry law, but this may have been due to poor connections 
made through ice cover. Collector 3A, where visual observ,;1.tion was 
possible in the shallow water, had distinct season2.l. variation, 
pe.,aks in spring, early summer, and again in fall (Figure 11). 
T • re:acnir.g 
Gradual 
springt:i:rne increases in see~age velocity were measured at Collectors 4 
and 6 (Appendix). Two measurements in Y.ay, 1972,. suggested that 
groundwater inflow increases two to three-fold in spring. 
At one location (Appendix; Collector 5A) there was a decrease 
in orthophosphate from s~ptember to January, but seasonal changes in 
seepage chemistry were rare. At Collector 3A there. was an inverse 
relation between nutrient concentration and velocity~ i.e. when velocity 
was low~ phosphorus and nitrogen were high. Orthophosphate ranged from 
3.67 to 0.17 mg/liter and am.~onia from 8.88 to 0.96 mg/liter (Appendix). 
Soutlrweste.rn Shore 
Seepage distribution was studied along an 800 m segment of the 
southwestern shore from June through December,, 1971 (Figure 12). Inflow 
w;:is most: rapid near shore a:i.d decreased ex·ponentia.lly with dista:::ice into 
the lake (Figure 13) except on Transect II where seepage was most rapid 
17 m offshore. No significant changes in velocity were observed over 
the six-month period. 
34 
Fig. 10 .-·-Seepage stations on L;.,.ke.s Sallie and Helissa. 
Cn1y the 1.5 m contour line is shown. 
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'. --Southwestern Lake Sallie study area. The 1.5 m and 
11.1-:-c'.s are shown. 
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Seepage inflow along the 800 m segment was calculated by 
r. Q • r:in ·J..ng the volume beneath the curve.s shown in Figure 13. Tnis was 
Jo~z by G1ultipl7ing the average area bent::ath adjacent c.ur,;es oy the 
Jis ta.nee between them and adding these partial vol1..wies. The grounciwater 
inflow over the 0.13 km.2 area was 4.50 x 105 m3/year (364 acre-ft/yr), 
30% df this within 3 m of the sooreline .. 
A large nitrate input (2.19 to 50.4 mg/liter at about 0.466 µm/s, 
(Figure 12 and Appendi:,,;:). occurred. wi.thin... 8 m. of the shoreline.. h.et:-1ee~,. 
Transects II and V. Outside this area, average nitrate. concentratior.i.s 
we.rt:: lass than 0.022 mg/liter in the seepage inflow. The high nitrate 
zone supplied 377. of the total inorganic nitrogen of the 0.13 km.2 area 
betwe,m Transects I and VI, but only 12% of the in£low (Table 10). 
:..;itrogen was predomina11tly in the form of nitrate. 
Ammonia nitrogen in excess of 3 mg/liter was present in initial 
saui.ples from Collectors 5G, 14P, 15, and 22 (Appendix) •. Orthophosphate 
ranged from 0.08 to 2.2 mg/liter and total phosphate from 0.12 to 
J. 75 mg/liter (Appendix) .. Relatively large sample-to-sample variations 
in phosphate concentration occurred (Appendix) and no pattern emerged. 
In one instance, concentration of total phosphate increased with 
distance frora shore (Collectors with prefix 5,. Appendix). 
Northeastern Shore 
Inflow ~as irregularly distributed along this shore as indicated 
tiy both preliminary m":asureraent (Appendix) and sediment temperature,. 
which varied frol!l 21 C (same as l.ake) to 11 C along a 200 m stretch of 
shore w:i. thin 10 m of shore on 16 June 1971. Where seepage velocity was 
greater than about 0.8µm/s, I could feel t.i:re difference betveen lake 
VJ3LE 10 
COHPARISON OF HIGH-NITRATE ZONE TO THE REHAINDER OF THI:: AREA IlCTWE:m TRANSECTS I AND VI, FIGURE 12 
..,.;.;,;;;;.:r.:;:::_----.;;.;;;..;· ~~.,::,,':;;;;: •. ~:;.:.-_.;.....-::-::;.i: .... == 
Pnrmneter High-Nitrate Zone Remainder of Area Per Cent of Total in tligh-Nitrate Zone 
2 Area, m 
Discharge (June through 
December 1971). m3 
Orthophosphate, kg 
Total Phosphate, kg 
Ammonia Nitrogen, kg 
Nitrite Nitrogen, kg 
Nitrate Nitrogen, kg· 
Total Inorganic 
Hitrogen, kg 
3,650 
26,800a 
7.75 (0.29)c 
12.0 (0.45) 
17.4 .(0.67) 
3.58 (0.134)· 
129 . (4.83) 
150 .· (5.63) 
127,000 
198,ooob 
107 (0.54) 
230 (1.16) 
250 (1. 26) d 
0.2 (0.001) 
l.. 2 (0.006) 
251 (1.27) 
11Calcula.ted s.s the product of average velocity (0.466fim/s) and area, 
. . . 
3· 
12 
7 
5 
7 
64 
99 
37 
. 5 4 · . 
bcalculated by difference (i.e., 2.25 x 10 minus _2.68 x 10 for the six-month period). 
cParentheses indicate average concentration as mg/liter, 
dsingle determinations werenot included in this average. 
..,.. 
I-' 
42 
and sedime.nt tew.perature. The two collectors· (31E and 32C) were within 
10 m of.: shore, probably in the p2.th of shallow groundwater and in. 
separate iri£lot'7 .:rrea:-:;.. Cof:1pareG to Collector 311-:,_ Col12ctor 32C b_2.d. 
greater flow and riut.r.ie~1.t concentration. (Ai_;pondix). 
Tracer Study 
Site. Description 
A septic tank was selected that met the follo~ing criteria: 
1) year-round use, 2) location- on a· shore w:i:th -:rapid, evertly distri.buted 
seepage inflow, 3) typical design, and 4) location near the shoreline. 
3 . 
The. installation had a 3.8 m (1,000 gallon) settling tank, a smaller 
distribution tank, and a small area of broken concrete block which 
received the effluent (Figure 14). The point of discharge was about 
16 m (50 ft) from the water's edge. From 1949 through 1967, the house 
had t:-wo summer residents, but since 1963 has had six year-round 
residents. The tank received about 0.76 m3 (200 gallons) of domestic 
sewage daily, but no laundry waste. 
The septic tank was surrounded by clean, bro-wn sand with 
grains from 0.1 to l mm diameter, containing less than 1% clay and silt 7 
anci a few pebbles up to 3 cm diameter. Porosity was roughly 40%. A 
well log, 200 m southwest, showed that the clean sand extended 7 m 
below the water table to a relatively impermeable clay and silt layer 
(McBride, 1972b). Distances wells penetrated the. water table. are shown 
in Table 11. 
Nutrient Output of Septic Tank 
Phosphate and ammonia nitrogen were present in the septic tank 
(Table. 12). At 0.76 m3 discharge per day, this tank released 8 kg 
r 
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(18 lbs) of phosphorus and 58 kg (130 lbs) of nitrogen to soil and 
gro~ndwater each year. 
TABLE 1.1. 
WATER TABLE PKNETRATION OF WELLS AT STATION 14 
Well Pene.tration, m . Well Penetration, m 
1 
2 
'I 
-· 
4 
5 
6 
7 
1.77 
1.34 
1.34 
1.24 
1.29 
1.37 
TABLE 12 
8 
9 
10 
l.l 
.12 
13 
14 
:NUTRIENT CONTENT OF TEE SEPTIC T.Ai.'f'.t{ AT STATION 14 
orthophosphate (mg P0
4
/liter) 
total phosphate. (mg P04 /1iter) 
A.m:monia (mg N/liter) 
Ni trite (mg N'/liter) 
Nitrate (mg N/liter) 
Specific Conductivity {µmhos/cm) 
Chloride (mg Cl/liter) 
**After adding 45 kg of NaCl 
15 August 
90 
91 
2.17 
0.000 
0.000 
19,50G** 
Date 
.l.85 
.l.72 
1.83 
1.95 
2.11 
1.57 
27 Novembe.:i:: 
82 
83 
204 
0.000 
0.000 
.161 
45 
Nutrient concentrations in ne.arshore seepage in the uninhabited 
area 125 to 360 m south (Collectors 11, 26, 28, 29, and 30; Figure. 12) 
were used as backg=ound levels: 0.42 mg/liter total phosphate and 
l;.01_ ug/lite.r total inorganic nitroge-a. 
Trac~r 
After 25 days salt tracer reached Well 5; Wells_3:o 4, and 6 
after 56 days; a:o.d Wells l, 7, 8., and 9 after 91- days (Figures 15 and 
16). This indicated a groundwater velocity of 2.0 J.Am/s (0.43 ft/day). 
In.creases occurred at Collectors G and R after 56 days, and at collecto.rs 
E and F after 70 days (Figure 17). Well data suggests that increases at 
Collecton; G and H did not mark the. arrival of tracer. Conductivity 
decrease on l October was probably caused by freezing of samples. 
Tracer indicated. that Wells 5 and 9 and Collectors. E and F were 
located in the major flow path. The effluent fanned out and caused 
chloride and conductivity increases at wells to the right: and left · 
suggesting that it reached the lake in alongshore band at lea.st 30 m 
long. Slowness of salt reaching Wells 4 and 11 indicated that this 
central area was partially clogged. 
The groundwater was· warmed at Wells 4, 5, 9, and 11> indicating 
that temperature might be a useful indicator of septic-tank discharge. 
Hydrogen ion concentratio? (pH) however did not indicate effluent flow 
(Figure 18). With the passage of tracer, chlo.dde levels changed by 
as much as ten times (e.g., Well 5: 74.2, 770, 182 mg/lit.er), but 
specific conductivity varied by less than two times (e.g.> Well. 5: 1418, 
2780, 1455 ,4< r:ilios/cm). 
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so 
Nitrooen 
Ammonia levels.were extremely high at Well 4, nearest the. 
discharg~ point, and generally ~ec~eased on either side of a line 
bet~!:.:en Wells 4 and ll (Table 13). In the seepage. inflow, a::::.non::La was 
conspiciously high (more than 1 mg/li:t.er) at Collectors E, G, H, l 
(Appendix, Collectors with prefix 14). 
Nitrate levels were gene.rally highest at Well 5 in tne·first 
row and at Well 9 in the second row and decreased ,·dth distance from 
the septic tank. Concentrations in the second row of wells .;ere 
roug1.1ly half ::he concentration in the first rm.r. This was probably 
due to lateral spreading, sorption, and the slightly deeper penetration. 
of the wells in the second raw. Well 4 had relatively low nitrate 
values compared to wells on either side of it; this possibly due to 
p,-irtial clogging and resulting anaerobic conditions which would inhibit 
nitrification. 
With few exceptions, nitrate nitrogen levels in nearshore seepage 
was greater than 1.5 mg/liter and ranged up to 50.4 mg/liter (Appen.d.i..x, 
Collectors with prefL"'< 14). Exceptions occurred in initial samples 
probably before the Collector had become completely flushed, or where 
£low was low (e.g., Collector R with 0.1.J.tm/s). Further than 9 m. from. 
shore, nitrate was less than 0.009 mg/liter as noted previously. 
Ammonia appeared to be rapidly oxidized to nitrate near the 
septic tank (Figure 19). Background ammonia levels were reached within 
15 m. Nitrate lev~ls did not increase with distance; this suggested 
that nitrification was offset by denitrification, dilution, or sorption. 
Maximum nitrate levels may have been attained as the effluent mav2d down 
to the water table. 
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TABLE lJ 
CHEMICAL A.NALYSIS OF WELL WATER AT STATIQi\f 14 
-= 
r;:ig PO,/liter 
~ 
:rag U/lite.r 
----
·-
Total Ar:rr.!lonia Nitrite. Nit:r::ate 
Date Well Orthophosphate Phosphate Nitrogen Nitrogen Nitrogen 
1 0.51 L.29 0.562 2L3 
-W 2 0 .1.J 1.45,. 0.185 23~7 · if) 
::J 3 0.35 0.96" 0.300 · 52.8· 
t,O 
4 ::, 0.72 85 :.:.0.280 : 17.9 < 5 0.49 3.2. 0.437 57 .2 . 
.-; 
6 1.08 0.537 40.4 rl 0.25 
7 0.10 .- L12 0.450 20.6 
l o.2p 7.90 1.87 0.506 22.3 
2 0.26 3.91 1.37 0.454- · 45.0 
3 0.45 8.30 l.44 0.612 48 .. 2 
4 0.11 34 81 0.808 27.3 
.w 
5 0.55 16.5 3.5 0.498 68.4 u, 
::l G 0.38 3.68 1.27 0.364 32.3 co 
::l 7 0.52 6.75 l. 74 0.290 11.8 <'"! 
..;:t 8 0.36 0.20 . 0.12 · 13.0 
"-I 
9 0.56 0 .. 14 0.09 · 10.0· 
10 0.20 9.86 0.45 0.221 1.3. 9 
11. 0.54 6.40 2.21 0.64 35.7 
12 0.27 6.93 0.24 0.127 10.4 
1 b. 77 3.20 1.58 0.398 · 24.3 
2 0.26 2.14 1.03 0.232 32.8 
3 0.35 2.76 4.0 O.-.Zo4 35.9 
4 2.46 38.6 90 1.8 18.4 
H 5 0.52 15.8 5.2 0. 739 62.2 (I) 
11 6 0.32 2.00 2.24 0.434 64.6 
<U 7 0. 29 2.14 1.76 0.567 26.8 ..., 
p. 8 0.31 4.83 0.73 0.254 14.2 (1J 
Cl'.l 9 0.27 4.96 0.69 0.278 36.3 
,-.._ 10 0.29 2.76 0.61 .. 0.134 . 9.48 -~, 
11 0.29 3.12 3.8 · 0.224 3L3 
12 0.10 2.28 0.19 0.046 9.19 
13 0.19 0.37 0.37 0.178 15.6 
14 0.14 2.67 0.27 0.1.11 9.55 . 
l-1 1 0.61 3.6:2 l.53 . 0.341 18.9 <lJ 
-9 
,::: 3 0.19 2.26 1.67 0.942 37.5 (lJ 
4 5.2 56 1.42 0.443 4.44 .w 
o. 
5 0.33 14.S 6.70 0. 250 60.4 . (ll 
en 
6 0.34 1.50 2.19 0.345 58.5 
If) 
2.24 0.690 36.6 N 7 0.4.J 1. 78 
-? 
.)_ 
TABLE 13--Continue<l 
--
= 
mg POjlit2r mg N/liter 
Total Ammonia :Nitrite Hitr,:i~e. 
te Data Well Orthophosphate Phosphate Nitrogen i'l'it.rogen · Nitrogi£:n. 
?;en 
H 8 0.42 3.9~ 0.82 p.286 12.1 
3 (l} '""' 9 0.45 2.86 P.Q9. !).211 :35.4 ~-0 
l s ill 
,10 0.35 3.78 0.45 .0 .097 10.3 (I.I ;:1 
~· 
.w ~ ll 0.42 2.46 3. 71 0.348 26.4 ::,.. -rl 
~ Ill~ 12 0.25 2.12 0.45 0.174 8.3 ::JJ t::! 
?.. 0 14 0.42 4.02 l.08 0.179 7.8 cn a 
~ 
<N ..._, 
-
1 
1 0.19 3.64 2.1P µ.353 l~L5 
3 0.09. 2.36 3.96 0.910 44.0 
4 0.61 34.6 97 0.1.67 .2.40 
5 0.13 12.0 5.6 0.702 57 .7 
-l< 6 0.10 1.34 2.14 0.481- 48.0 ).; 
GJ 7· O.Oo 2.4 1.91 0.496 29.9 ..0 
0 8 0.10 4.60 0.80 0.208 · 10. 7 .w 
(J 
9 0.23 1.66 0.27. 0.054 11.5 0 
.-! 10 0.24 4.10 0.52 0.130 9.74 
11 0.24 1.38 2.86 0.234 40.3 
12 0.09 1. 70 0.16 0.338 8.80 
14 0.07 9.70 L27 0.119 8.27 
1 0.39 2.64 2.45 0.473 13.4 
3 0.36 2.00 7.4 0.987 5L8 
4 3.72 83 138 0.121 .5.98 
5 · 0.36 7.08 5.7 0.598 61.1 ).., 
Ill 6 0.48 1. 74 5.3 0.355 46.6 A 7 0.22 2.70 3.45 o.a19· 38.2 0 
.l,..J 
(J 8 0.59 4.38 1.57 0.318 10.8 
0 0.64 0.062 M 9 4.28 0.43 17.9 
N 10 0.11 2.54 0.83 0.095 10.8 
l.l 0.44 2.90 3.97 0.247 25.0 
~. 12 0.21 1.98 0.35 0.032 6.23 
14 2.02 5.74 0.78 0 .. 094 7 .14 
} 
H 1 0.20 2.86 2.21 0.294 20.6 
(l) 3 0.51 2.00 3.84 0.114· 49·.4 
..0 
s 4 2.67 Tl+ 137 0.157 4.42 
<1} 
> 5 0.36 3.5 0.65 61.1 a 
z 6 0.17 1.44 2.33 0.291. 63.4 
r--. 7 0.26 1.44 2.7 0.377 27.3 
8 0.20 7.20 3.2 1.00 2.14 
53 
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TABLE 13--Continued 
fil'"" ~ 0 P04/liter mg N/liter 
--------
Total Ammonia Hitrit..e Nitrate 
Date Well Orthophosphate Phosphate Nitrogen Nitrogen Nitrogen 
).a ,....,, 9 0.86 2.46 0.32 0 .06l1 27. 4 
:i.J -;:, 10 0.41+ 2.8 0.80 0.135 10,4 {~ g 
,.., ,..,( 11 0.58 3.34 3.6 0.187 28,8 0.i ,_. 
5 Ii 12 0 .1.6 2.46 0.42 0.049- 7 .07. 
..,.. 
-- 14 0.56 3.56 0.85 · 0.182 8.83 0 
r-- v 
.._, 
1 0.15 2.20 3.2 0 .. 295 6.00 · 
3 0.15 l.50 3.48 0.276 44.0 
,. 7.75 77 .6 130 0.128 3.86 
:,., 5 2.49 12.2 6.8 · 0.104 57.6 ('J 
6 0.18 1.34 2.2l 0.448 56,8 .o 
c 
2.74 iii 7 0.11 0.90 0.773 24.0 
> 8 0.14 2.20 2.13 0.533 24.0 0 
z 9 0.17 1.52. 0.38 0 •. 149 31.4 
r--
('I 10 0.14 2.lf8 1.06 0.143 12.3 
11 0.27 0.28 3.80 0.49 33.4 
12 0.00 2.04 0.70 0.1413 11.5 
14 0.15 4.90 1..16 U .. 144 6.53 
Phosphorus -
·soluble. orthophosphate. averaged 2.19 mg/lite.rat Well 4 but 
ranged from 0.11 to 7.75 mg/liter (Table 13) .. Concentrations in all 
other wells were, with few exceptions, in the range 0.15 to 0.9 mg/ 
liter. Higher values occurred once at We.1114 (2.02 mg/liter). Wells 
in the center of effluent flow (5 and 9) did not have higher ortho-
phosphate concentrations than the other wells. 
Total phos:;;>hat:e indicated both mineral and fixed phospho:cus, 
because soil was included in the test. Values varied at each well (e.g., 
Well 10: 2.5 to 9.9 rag/liter) but this was probably due to V<:!.rying 
amounts of soil removed at each sampling. Ayer.age total. phosphate 
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Fig. 19 .-ifitroge:n co-.:centration and 
ciist~nce frou septic tank. 
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values at Wells 4 and 5 were 58 and 13 mg/ ter respectively, but at 
other wells averag~ to~al phosphate frow 1.9 ng/liter 2C Well 6 
ta 5.1 og/liter at Well 14_ valu2s ~t Well l4 may be du~ to 
~n1otl12c sept:i::. taril< situ.ated only 5 m. l.3.n<l:;;ra:::-d of thi.s but not: 
us2<l since 1968. 
Consideration of tha effluent flow as shown by the tracer 
indic~tes that. total phosphate and orthophosphate decraased Iila.rkedly 
along the flow path (Figure 20). With the ~ception of Wells 5 and. 
4, total phosphate levels did not appear.affected by the se?tic tan..~ 
eI.fluent. Orthophosphate was much re.duced by tha tim.e it reached t:he 
first t.1e.ll (Well 5) i:n the major flow path (Figure 20). • The on.ly 
. . 
j;nst::mce. of high levels of both tot.al phos.phats. and OJ:."thophospbate w-as 
We.11 4 in a somewhat clogged are.a nearest: t.he. effluent discharge. 
phosphate and orthophosphate levels in the second row of wells (8 to 
:md :i.n the seepage inflow were not related to the trend of effluent. 
flow ('Table 13 a.nd Appendix, Collectors prefixed by 14). 
Contribution to the Lake 
Nitrogen from the· tau.le. appeared to enter the lake through · 
a lon.gsho:re band 9 m wide and at least: 30 m long. Within this band 
inflc.1ws averaged 0.0002~ mg/m2 per second total phosphate and 0~00486 
2 
mg/m. per second total inorgan5.c nit:rogen.. By com.pa.risun, average. . .-
nutrient .input from the .uninhabited shoreline J.25 to 360 rn south was 
2 0.00023 mg/m2 per second total phospba.te and 0.00217 m.g/o per second 
t.otal inorganic nitrogen. The diffe.reo.c.e. in pliosphate. le.vels is 
probably below the limits of sar:ipling .error. F01:- tha 270 m2 area, the 
nitrogen differenc.e was 23 kg/year, an amount equival~nt to 40% of that 
le~ving the septic tank. 
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Fig. 20.-Phosphate concentration 
fro;;1 septic C,:i.1.1<.. · 
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DISGUSSlO}l 
Performance of Seeeage Collector 
Israelson and Reev·e (1944) were the £:i.rst:. to report the. use of 
a seepag:: oeter employing the plastic-ba:g technique.. They f:i.lled t:he 
• # • -· .. '.' .. :.:-
·• n.:,. ~ •• -~ 
'bag wit.b. Yat.er and used loss of vohi:m-e· .a.:s» a:: me:a;sure··of" seepage ·eutflO".J' -
:.: .. :· 
from ii:rigation channels, and only 
!:!ea.sure inflow .. 
<.Jther roetr1ods (Bower and Rice~ 1968; 
1972a; and Zuber, 1970) have been used to measure_ground~ater flow ~nto 
or out of surface waters but:· none appear a.ppropria,te f~r sampl~ ·col-
;... ... 
lee ::ion. Warnick (1951) suggested that· the accuracy. of 
t~chuique, !tis quest.i~nable since: the th~-~e:rn.brane [ bag] offe.rs som~ : 
resistance, 11 _and does not. maintain zero-flow pot:~nti.al across 
This was not. studied, but if anything, the effect would give slightly 
low inflow rates. 
Robinson and Rohwer (1959) studied seepage outfloq. In highly 
permeable sand, seepage meters (one of which resembled the collector 
used in this study) gave higher values than seepage rings. !hay sug-
geste.d this was due to breakage of a film of lower permeaoil;Lcy when 
ceters were installed. They also found th4C seepage outflow races, as 
22asured. by seepage ;:;:iet.ers, ciec reased marke:d.ly with: time (sor::r2t;:tr:i~s· .a. 
ceiuction of r.i.ore than sm; in t:h2 first week). r found. no ch.a.i.ge in 
·. ····~· 
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after s2ttin6 the cylinder in the L1~e bed_ TI1is ~.as pcabably bee.a.use 
inflow' and outflow are.mechanically somewhat different, outflow being 
,..:o-ce affected by cloggii:lg by small part.icles that. settle out of 
s;JS-fH:-:nsion :.;.:cd into the sediment. 
Seepage Inflow 
Soutnwestern Shore 
Distribution 
Saepage: distribution aJ.ong the so.uth"1'estern· sho:te.: of.I.a.k.e. 
Sallie (F:igure 13) agrees generally with the results derived from. 
theoretical flow net (Figure 21) (drawn according to rules given by 
Cedergrea, 1968) which assumes inflow from a homogeneous,. _isotropic 
surficial mediu.:u aver an impecraeable 1-ayer. A saturated thickness of 
10 ra is estbated from well-lag data (McBride., Figures 4, 5~ · and 6; __ · 
1972a). 'I'he flow net shows that most of th_e. flow occurs ·within 15 m. 
of shore., yet field measurement indicated substantial flo'.4 extended 
to about 60 ra from share (Figure 13). This indicates· that the media is 
2ni.sotropic and that the horizontal-dimension a.c.t:ually is 4 times gre.ater 
thar.. the. vertical' di.m2nsion_ To make an anisotropic flo-..r net ort:hogona.1, 
the horizontal dimension of a sect.ion :cay be mu.l.tiplied by the squar-::! 
root of the vertical to horizontal-permeability ratio <J kv) 
. .l:..i"l . 
(Cedergre.n, 1968). Therefore, the horizontaJ. to vertical permeability 
ratio is 16 (i.e., 4 J ~ = i, so kh '"' 16). This concurs with Weeks · 
~ Kv . 
(1969) who reported horizontal to vertical permeability ratios of 2 to 
20 from pump tests in glacial ouruash in Wisconsin. Considerabla 
infor!!lation about permeability and sediment homo3eneity might be 
obtained with seepage collectors and a small. number of. test holes. 
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On a selected 800 ra segment of the southwest snore of Lake. 
I found a-;. annual i:iflow of 364 acre-fc/year. NcBride. (1972b) 
c.:i.lculated 1968 acre-f for the saae ~egm2nt. Consideri2:i; the 
bility in out-.::ash plai;:1s may range from 0.005 to 0.200 m/s (Terz.agh.i 
and Peck, 196 7). McBride's data uas taken· from well logs spaced at 
appro;d;nately 0.6 km i.nter..rals. ttd.s study,. direc.t oeasureL1ents wer~ 
from point:s no greater than. 0.24 kra apart.:'·:' The difference ·could not be· 
accounted for on the basis of additional rainfall from June. to December 
1971,. as: there was no chang~ in satun,~te.d · t:hick.-ness or· in water-to.ble. 
gradient at measured wells (McBride, 1972b). _. : ·· · 
Sigh-nitrate Zone 
High nitrate valuas bet-....1een Transects II. and .V (Figura 12) 
apparently carae from t"•-10 ,sources, septic:: tanks and·cropland. Greatest: 
con.ocutrations occurred in seepage col.lected alongshore by the septi.c.. 
tan.'tc.s, · but substantial quao..tit:ies. -were found down to the southern end 
of the cultivated land (Figure 12, Appendix).: Nost. of this land has 
rece:i.ved 1.9 g nitrogen/m2 per year in fertilizer and in 1.968 w:as 
planted entir2ly in alfalfa (Bergquist, 1972), Yhich may have left: 
residual. nitrogen (Stout and Burau, 1967). Per unit: length,· the ... :. 
... .;_"i •• - • 
~ s. '" - ...... =:..,. 
. ~-
..... 
nitrate clischarge<l along the shoreline is equal. to the nitrogen application 
on adjacent cropland, suggest.ing additional sources. Tne southeast-ward 
trend of ground:'...rater moving from Fox Lake to Lake Sallie (Hcoride, 
Figura. 9, 19 72a) may accou~t for. the abs2nce of high con.ca?.ntrat:.ion.s of 
nitrate in seepage at Transact I. 
all the nit~ate, but on 
6L 
a£ measured and theoretical seepage distribution indic;:1tes that: a 
.::1itrate zone co.ps the water table. D~eper, raore regioilal grounci,,rater, 
<l.i.scG.z.1_r~1:.~<l f:irtCTer from ·s~1.ore 3 was low in rii.t:rate: ... 
of nitrate in shallow grouncl!-rater and .low concEmtrations farth2.r dor,111 
are commonly reported (George and Hastings~ 1951; Larson a:ad Henley, 
1966; Metzler 1 1958; Stout. and Burau,. 196J,; rfassau-Suffolk Research 
Tas:.-. G;;oup, 1969; and Falkowski and Eoyle:~_l.970} •·· This pb.enorae.~on ·. 
appears. t:o.result .. fro.n. leach;ing of .ni.t::::i:ate,frotttthe. 
:"!·. :· 
complete mixing in the satu.:a ted· zone .. '. J;n- stnnmai.:y,... , the chemiC;al., ~nd. ·. ·· 
Jc - _.._ • .;. 
·--. ~-
veloc:it:y data and the ground\1ater theory concur:.·~· near...c.lake 
to groundwater are discharged near the 
Phos phm::us 
Phosphorus did. not differ appreciably in in....'1.a.bit:ed 
habited areas .. Applications of phosphorus h,ave bee.o. sbo-wn. by soil. 
.. . 
scientists (Steph::mson and Chapman, 1.931; E.1.lis and Erickson, .. 1969) 
move very little in soil. T'ne. C horizon of a sandy soil adsorbed 
phosphorus (0.55 m.g-,PilOO g soil) than other soils tested by Elli.s and 
E:r:i.c.kson, but recovered 91% of its initial adsorption capacity i.n3 
o.onths •. .Although th~·p:r:es,:ance of phosphorus i.n groundwater indi.catas 
that some. moves through the soil~ it coul.d not be traced ta septic 
tanks. 
Northeastern Shore 
Low concer:.tre.tion.s 0£ nitr;:i.te in seepage inflow- on th.::!.. n.01:t.lieast:.. 
::;icie of Lake Sallie way refl~ct t·na al.Jsanc.e of nearby cro?la.:1.ci or '.3eptic 
tar:.ks ~ Co:'ti;>::1.riso:1 of ir..flo-c.; qi__;.a.lit}~ alon.g t!1i3 shoreline seggcats tw.2.t 
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Collector 31E rnay come from local recharge or, as HcBride's data 
suggest (Figures 4 and_S, 1972a), it may came from lake Detroit by au 
~.n bc1 th ph.osp110ru:.~ and 11itrogen tl'-1.a.n ]lE,. i_wpl,y:i.·ng th.at it In2.)' come 
f"om nearby, highly eutrophic, Muskrat La.k.e (see Figure lO). 
Tracer Study at Station 14 
An intensive septic-tank study on this shore indicated that a 
heavily-used septic:. tankccn:tributas 40% of its nitrogen to the· lake, 
most of it as nitrate, and that this input. is superimposed on already 
high background levels. No phosphorus -concentration above background 
was apparent be.yonci the first row of wells. Calculation of the nitrogen 
contrihution was based on several approximations: 1) size of the area 
over which the input oc~urred;, 2) nutrient output from the septic tank,. 
aud 3) background levels derived from average seepage concentrations 
in the un:inhabited area 300 m dotv.:1.shore. Bacause nearshore seepage at 
this location couta_ined the highest nitrogen concentrations found on 
the entire shore (Appendix), the conclusion that septic tauks contribute 
large quantities of nitrogen to the lake is inescapable. 
The graph showing the concentration of ammonia, nitrite and 
nitrate nitrogen and distance from the septic tank (Figure 19) suggests 
that ammonia is nitrified to nitrate and that this is the dominant means 
by which nitrogen moves into the lake.. However, loss of ammonia to the 
atmosphere either as free ammonia or as molecular nitrogen (N2) from 
denit.rification of nitrate (Frobisn~r, 1968) may be an important> 
alternate means of a-.:ra:i.onia loss. The present evidence suggests t:hat 
nitrification does in fact occur: 1) Ammonia concentration was high 
only in the clogged area (Wells 4 and 11) immediately opposite the 
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discharge point. 2) Nitro.te concentrations were higher near the 
discharge point than t~ey were further away (higher ~t Wells 3, 5 and 
6 than at 1 or 7). 3) ihtrate was usually h:Lg"i1est along the major line 
of txac,'!r £low (Hells 5 and 9, Table 1.3) ~ The fact that. Wells. I+ and 
11 a.ud Collector 14E were consistently high. in ammonia suggests that, 
after several years of con.tinuous use, part. of the effluent ammonia 
moves ~irectly into the lake without id.t:rification, 
Although wells were not screened at different depths,. the 
seepage colle.ctors served the same purpose (maybe better, because wells 
cc:Llect water above their screens) and i:n<lica.t'ed that mobile contami.nant.s 
move ju.st below the. surface of the saturated zone and enter ·.:he iake · 
near: the.shore. 
Results are in general agreement with others. In laboratory 
study, Preul a.nd Schroepfer (1964) found that nitrate is not retained by 
ab,rnrptiou in the usual pH ranges above. 7.0. Preu1 (1967) said that a 
high percentage of the originally high concentration of ammonia (40 to 
60 mg/liter) in septic tank effluents were highly nit-;..ified less tnan 6 m 
after their release to the soil. Preul (1968) stud~ed groundwate~ con-
taminants near ten w~ste. stabilization po1.1ds in sand and silt soils of 
11innesota. He showed that concentrations of 4 to 20 i:;i,g/litar of phospha.t:i:· 
in the ponds were reduced to 0~2 59 0.4 mg/liter in the groundwater 
within· 3 m from the ponds.· Absorption was considered the major· factor 
iu layering the phosphate concentration within a short distance. 
Eo,,iever, out of 22 wells, b',10 had average phosphate concer1trat:ions of 
nearly 3 mg/liter of phosphate at a distance of 30 m and 45 m from the 
stabilization pond. He attributed this to localized soil effect. In 
a study of septic-tank contributions to groundwater in -Wisconsin, 
I 
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Polkowski and Boyle (1970) found groundwater concentrations of 0.162 
to O rag/liter of total phosphate but concluded that chloride and 
trate were the only neasu~ad ions capable of moving through the soil. 
Bracketing S~ptic Tanks 
Results of the lakeward-landward sampling program agreed with 
the. septic tank study at Station 14: nitrate. ni:trogen was,. and 
phosphate was not, a highly mobile contaminant. Al.though lakeward-
landward sampling was an attempt to study five sewage disposal sit.es 
simultaneously, it failed t.o provide direct evidence of nutrient: 
movement into the lake. Shortcooings of this approach were ovel;"c:.ome 
with seepage collectors and additional wells at one site. 
Annual Additions of Nutrients to the Soil 
Annually, septic tanks along the shore 0£ Lake Sallie discharge 
103 to 180 kg (225 to 396 lb) of phosphorus a.nd 312 to 546 kg (687 to 
1200 lb) of nitrogen to the subsurface soil. This estimate is based 
3 
on 1) 0.19 ta of sewage per man-day (U.S. Department of Health,. 
Education and Welfare,, p. 44, 1967), 2) 20·,000 to 35,,000 man-days per 
3 3 . year for Lake Sallie, 3) 27 g/m of phosphorus and 82 g/m of nitrogen 
in domestic septic-tank effluent (Nassau-Suffolk. Research Task Group,. 
1969). Effluent concentrations in this report were not used in this 
calculation because they were based on only one septic tank. Because 
septic tank effluents are generally discharged over very liµiited areas 
(often·with no tile drainage owing to the high perr:ieability of some 
soils), and because they result in accumulat~ons of phosphorus in the 
ground, it may be reasonable to consider them a potential hazard to the 
lake. The fact that I did not locate sources of phosphorus in ground-
.. 
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tvater entering the lake should not encourage further use of lakeside 
septic tanks. Rather it should encourage continued study • 
.. 
A simple, inexpen~ive, seepage collector parr:i.its direct 
measurement of groundwater inflow in the ranga 0.01 to Z.5;-nn/s (0.003 
to O 71 ft/day). It can be used to obtain saI11ples o..f groundwater inflow 
£or chemical analysis and appears useful for groundwater studies. 
Groundwater inflow contributed materially to lake volume. 
Inflow coutinui:!d year-round at raeasurabJ.c rates but iri.crec>.sed by a 
factor of two to three in spring. Along an 800 t:1 shore, groundwater 
5 3 . 
ente:ced Lake Sallie at the rate of 4. 50 x 1.0 m /year. The velocity of 
inflow was quite uniform along the margin of the lake but decreased 
exponentially with distance from shore, a pattern that is predictable 
ou Urn basis of flow net construe tion and a sr::iall nu .. ,1ber of test holes. 
About 300 kg of nitrate nitrogen entered Lake Sallie annually 
along 400 m of shore, and is apparently associated with, but: not 
restricted to, fertilization of adjacent cropland. 
Study of a lakeside septic tan1<.t selected on the basis of heavy 
use and the presence of seepage inflow, indicated that 40% of its 
effluent nitrogen reached the lake. Contaminants traveled in a fan-
shaped zone along the surface of the water table and entered the lake 
near the shoreline. Lakeside septic tanks appear t.o be ao. :immediate. 
source of nitrogen. Phosphate was fixed in the soil near the septic tank. 
Comparison of seepage chemistry at two locations on the northeast 
shore suggested that nearby Mus~rat L~~e contrioutes not only groundwater 
out also phosphorus and nitrogen to Lake Sallie. 
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APPENDIX 
CI-IENICAL ANALYSIS A;.,m MEA.SURE.i.'1Ei:iT OF SEEPAGE INFLOW 
Date 
September 
mg N/liter 
Soluble 
Velocity, 
p.m/s 
Ortho- Total Ammonia Nitrite Nitrate. 
phosphate Phosphate Nitrogen Nitrogen Nitrogen .. · 
_Collector1 1A (23 m) 0.7 m)2 
0.222 2.40 ·l.38 0.021 0.043 
0.241 1.94 1.68 0.017 0.057 
0.356 2.12 1..78 0.025 0.034 
0.306 1.82 1.86 0.017 0.041 
0.247 1.86 1.78 0.019 0.038 
(lake) (0.62) (0. 27) (0.023) (0.046) 
Collector lB (72 m, 0.8 m) 
*23 November 0.55 3.2 0.000 0.005 
1971 
* 7 January 
*17 April 
24 April 
* 8 June 
8 June 
24 June 
6 Ju.ly 
21 July 
12 September 
*24 September 
(lake)· 
(lake) 
0.102 
(lake) 
0.379 
0.372 
0.341 
0.332 
0.319 
0. 261 
0.48 
0.49 
(0.36) 
(0.36) 
0.55 
(0.36) 
0.51 
0.55 
0.28 
o. 74 
(0. 85) 
LOO 
(0.82) 
0.81 
0.51 
0.44 
1Refer to Fig. 12 for location. 
0.96 
1.15 
(0.26) 
l.54 
(0.24) 
.0.84 
0.90 
1.02 
0.000 
0.000 
(0.001) 
. 0.000 
.· (0.000) 
0.001 
0.000 
0.000 
0.003 
0.004 
(0. 006) 
0.005 
(O. 005) · 
0.003 
0.002 
0.002 
2First figure in parentheses is distance from high water mari<; 
second figure is depth. 
*Indicates samples frozen for sLorage .. 
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Dat-2 
*15 October 
o':28 December 
*30 December 
1971 
7 Janua'i::y 
17 April 
8 June 
1971 
29 August 
1971 
17 June 
18 June 
24 June. 
28 June· 
APPENDIX--Continued 
mg POL/liter mg N/liter 
-- ------·--·------· 
Sol.uble 
Velocity Ortho- Total 1'...rrJnonia Nitrite Nitrate 
p. m/ s phosphate Phosphate Nitrogen Nitrogen Nitrogen 
0.242 1.62 0.66 0.93 0.000 0.003 
0.154 0.40 0 .60 · o. 51- 0.004 0.000 
0.204 0.12 o_.18 0.79 0.000 0.003 
Collector lC (65 m~ 0.8 m) 
0.024 0.30 2.68 0.006 0.022 
0.068 0.20 0.74 0.78 0.000 0.005 
(lake) (0.36) (0.83) (0.26) (O. 001) (0 •. 006) 
0.059 0.27 1.00 1.06 0.000 0.005 
Collector lD (7 m" 0.41 rn) 
1.392 1.35 2.70 1..65 0.000 0.001 
Collector lE (7 m,. 0.55 m) 
0.97 
0.755 
0. 747 
0. 767 
o. 742 
0. 732 
avg 0. 749 
0.904 
0.812 0.82 
0.629 o. 92 
0.662 
0. 774 
0.834 
0.797 
2.60 
1.47 
1.33 
0.61 
Ll8 
Ll7 
0.002 
0.001 
O.OOl 
0.009 
ll.003 
0.004 
gg 
APPENDIX--Continued 
~~====-~========================= 
Date 
28 June 
(Cont.) 
29 June 
30 June 
6 ,July 
9 July 
10 July 
11 ,JuJ.y 
19 July 
Velocity, 
p ml s 
0.797 
0.570 
0.808 
avg 0.765 
0.850 
0.817 
0.902 
0.822 
---
avg 0.848. 
0.845 
0.863 
avg 0.854 
0.703 
0 .·752 
0.766 
0.717 
avg 0.778 
0.740 
0.662 
avg O. 701. 
0.745 
0.729 
avg 0.737 
0.802 
0.806 
0.693 
avg 0.767 
mg N/liter 
Soluble 
Or tho- Total Ammonia Ni trite i:-litrate 
phosphate P~osphate Nitrogen Ni 
0.58 
0.77 
0.81 
0.63 
1.34 
1.38 
1.68 
0.85 
.L19 
1.18 
1.29 
1.54 
0.001 
0.001 0.004 
0.000 . 0.003 
0.000 0.006 
l 
j 
Date 
29 August 
2!1 September 
Velocity 
/u rn/s 
0.768 
0.570 
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APPE:rnIX--Continued 
mg N/liter 
Soluble 
0:r:tho- Total Ai:I'.u-uonia Uit:rite Nitrate 
phosphate Phosphate Hit1:ogen Nitrogen iUtrog2.n 
0.95 
0.44 
5.00 
1.08 
0.000 
0.000 
0.001 
0.002 
Collector lF (7 m~ 0.55 m) 
1971 
23 Ju.nea 0.668 0.56 1.81 D~l.8 0.000 0.003 (lake) (0.62) (1.40) 
0.572 
(O.Ol) (0.000) (0.003) 
0 .619 · 
0.707 
0.669 
0.668 
0.640 
0.640 
0.706 0.99 1.1.2 0.68 0.000 0.004· 
----
avg 0.653 
29 June 0.712 1.25 1.51. l.35 0.001 0.004 
0.683 
0.739 
0.700 
avg 0.709 
30 June 0.718 0.91 1.32 1.54 0.001 0.004 
o. 737 
avg 0.728 
6 July 0.618 
9 July 0.637 
0.702 
aSampling was started imruediat.ely after placement 
Date 
9 July 
(Cont.) 
10 July 
11 July 
19 July 
29 August 
1971 
16 August: 
29 August 
1971 
16 August: 
29 August 
APP ENDIX--Con tir.m:d 
Velocity, 
Soluble 
Ortha-
mg N/liter 
Total A.'n:.inoni.a Nitrite. Nit.ra~e 
p rn/s phosphate Piiosphate Nitrogen Nitrogen ;Htrogsn. 
0.592 
avg 0.644 
0.613 
0.578 
avg 0.596 
0.645 
0.629 
0.637 
0.618 
avg 0.632 
0.626 
0.672 
0.718 
avg G.672 
0.657 1.70 4.76 1.15 0.000 0.001 
Collector lG (7 m, 0.55 m) 
0.620 1.45 l.77 2.95 0.000 0.003 
0.668 0.84 3.04 1.91 . 0.000 0.001 
Collector 1H. (6 m, 0.50 m) 
0.491 0.75 1.30 1.86 0.000 0.002 
0.590 1.56 2.56 1.13 0.000 0.001 
I 
l 
Date 
1970 
28 November. 
1971 
24 January 
7 February 
6 March 
4 April 
16-21. April 
26-31 :Cfay 
3-8 June 
1970 
17 October 
24 October 
1 November 
28 November 
1971 
24 January 
2 February 
4 April 
16 April 
21 May 
1 June 
12 June 
Velocity, 
pm/s 
72 
APPENDIX--Continue<l 
mg N/lite.r 
Soluble 
Ortno- Total Ammonia Nitrite Nitrate 
phosphate Phosphate Nitrogen i.'l'itrogen ·Nitrogen 
Collector 2 (7 m.7 0.8 m) 
avg 
avg 
0.000 
0.000 
0.0003 
0.0000 
0.0001 
0 .. 0001 
0.0001 
0.0001 1.28 0.80 2.34 
Collector 3a (7 m> 0.49 ~) 
0.213 
0.007 3.6 7 8.88 
0.015 2.45 4.05 
(laka) (O. 02) · {0.26) 
0.000 
0.007 0.55 1..90 
0.0006 
0.061 0.90 2.97 
0.0018 0.13 0.66 1..38 
0.440 
0.327 
0.384 
0.307 0.36 0.96 
0.372 0.29 1.31 1.29 
0.328 0.17 0.21 1.14 
0.333 
0.346 
0.001 
0.062 . 0.027 
0.001 . 0.006 
(0.002; (0 .007) 
0.042 0.018 
0.005 0.025 
0.001 0.022 
0.001 0.004 
0.001 0.007 
0.005 0.006 
Date 
22 June 
23 June 
l1 July 
6 July/ 
21 Jµly 
23 ·July 
12 September 
'Jli ;Jeptember 
30 December 
1970 
28 November 
1971 
24 ~fanuary 
7 February 
4 April 
26-31.May 
1970 
1 November 
28 November 
1971 
6 March 
4. April. 
1 June 
17 June. 
23 June 
24 June 
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APPENDIX--Continued 
====-=========================,,,-_ 
So1.ubl~ 
V'eloci_ ty~,. 
/·< m/s 
Ortho- Total .Ammonia Nit:;::ite Nitrate 
phosphate Phosphate Nitrogen ·Nitrogen Nitrogen 
0.153 
0. 260 . 
0.000 
0.043 
0.010 
0.0012 
0.0474 
a .097 Q.69 
0.000 
0 . .76 2.30 
Collector 3B (57 m, 0. 72 m) 
0.000 
0.006 
0.000 
0.035 
0.000 
1.10 2.94 
Callee tor 4 (.14 n, 0. 6 m) 
0.28 0.93 
0.008 
0.054 0.92 
0.140 0.44 
0.171 
(lake) (O -37) (O. 43) 
0.724 
o.oooa 
0.582 
0.597 
0.008 
0.005 
0.002 
0.012 
0.009 
0.008 
0.002 
0.010 
(O .004) (0 .230) 
3 Sediment plugged vent tube and was re·-ope:ned. 
l 
( 
·1 
I 
! 
I 
Date 
24 June 
lf .July 
6 July 
19/0 
9 September 
20 September 
27 September 
28 November 
1971 
* 
7 January 
::,2t1-
.January 
* 7 Fe.brua.ry 
6 March 
* 4 April 
* 
·kl6 April 
1 June 
6 June 
7 June 
8 June 
12 June 
17 June 
22 June 
V2locity, 
µm/s 
0.717 
0.626 
0.505 
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APPE.i.'\JDLX--Continued 
Soluble 
Ortho-
mg N/lit::e.r 
Tot.al Aw.mcrnia Nitrite Nitreite 
phosphate Phosphate Nitrogen Nitrogen Nitrogen 
Collector SA (14 m> l m) 
0.920 
0.662 
(lake.) (O. 77) (0.27) (0.023) ca.032) 
0.78 1.67 0.001 0.005 
0. iJlla 
0.49 0.27 0.004 0.030 
0.133 0.43 0.34 0.006 0.050 
0.136 0.04 0.28 0.004 0.018 
0.007a 
0.272 0.27 0.24 0.001 0.008 
(lake) (0.22) (0.46) (0.003) (0.169). 
0.387 0.20 0.25 0.58 0.001 . 0.004 
0.218 0.54 0.67 0.000 0.004 
(lake) (0.06) (0.18) (0.001) (0.000) 
0.528 
0.468 a.so 0.63 0.53 0.000 0.004 
(lake) (0.04) (0.49) (0.02) (0.000) (0.004) 
o .• 354· . 0.20 0.22 0.56 0.000 0.004 
(lake) (0.30) (0. 22) (0.46) (0.002) (0.025) 
0.300 0.18 0.19 0.08 .0.001 _0.004 
0.326 
(lake) (0.09} (0.09) (0.00) (0.001) (0.005) 
0.66 0.43 .. 0.000 0.004 
0.608 
b 1.220 . 
1. 240 
aPoor connections in apparatus. 
bFirst use of larger tube and bag. 
Date 
2L, June 
1 July '! 
6 July 
20 .July 
21. July 
12 September 2,. Sep ternbe.r 
*15 October 
* 
1971 
6 June 
-; June 
12 June 
17 June 
22 June 
23 June. 
1 July 
4 July 
21 July 
*15 October 
1971 
6 Ju;:ie 
7 June 
12 June 
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APPENDIX--Continued 
mg PO~ /liter q 
Soluble 
mg N/liter 
Velocity, Ortho- Total Ammouia Nitrite Nitrate. 
µmis phosphate Phosphate Nitrogen Nitrogen Nitrogen 
'1.320 
1.423 
1.523 
1.521 
1.572 
1.490 
1.288 
1.230 
0.071a 
o.cooa 
0.701 
(lake) 
1.44 
0.10 
(0.10) 
l. 73 
0.68 
(O. 24) 
1. 9li-
1.8.l 
(O. 07) 
Co11ector 5 B (18 m, 0.080 m) 
0.318 
0.107 
0.160 
0.196 
0.309 
0.235 
0.226 
0.260 
0.341 
0.322 
0.277 
0.250 
0.20 
0.09 
0.08 
0.80 
0.91 
0.10 
0.33 
3.09 
l.60 
1.31 
0.56 
1.51 
0.23 
2.33 
Z.32 
1.88 
1.28 
Collector 5 C (14m, 0.8 m) 
0.408 
0.340 0.21 0.46 1.31 
0.366 
0.273 0.16 0.43 0~29 
0.003 0.001 
0.001 0.011. 
(0.001) ·(0.006) 
0.001 
0.000 
0.000 
0.002 
0.000 
0.001 
0.007 
0.008 
0.005 
0.004 
0.003 
0.002 
0.008 
0.004 
asediment plugged the vent tube. 
f 
i 
Date 
1971 
6 June· 
7 June 
12 June 
22 June 
23 June 
l July 
1971 
6 June 
7 June 
12 June 
17 June 
22 June 
23 June 
l July 
Li July 
21 July 
*15 October 
1971 
6 June 
7 June 
12 June 
17 June 
22 June 
23 June 
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APPENDIX--Continued 
mg N/liter 
, ____ ------------------------
Solubl~:: 
Velocity, 
r' m/s 
Ortho- . Total Ammonia Nitrite Nitrate 
phosphate Phosphate Nitrogen 3itrogen Nitrogen 
Collector 5 D (10 m, 0.80 m) 
0.419 
0.366 
0.286 
0.262 
0.318 
0.74 
0.29 
2.5 
l. 3.1 
Callee tor 5 E (14 m, 0. 80 m) 
0.310 
0.123 
0.215 
0.287 
0.294 
0.276 
0. 331 
0.173 
0.385 
0.408 
0.456 
0.337 
0.336 
0.34 
0.22 
0.40 
0.63 
0.56 
0.10 
0.68 
0.51 
2.46 
2.00 
0.16 
0.23 
3.0 
2.8 
0.34 
0.95 
Collector 5 F (11.5 m. 0.75 m) 
0.026 
0.138 0.11 0.37 0.85 
0.161 0.08 0_37 0.27 
0.225 
o. 272 
0.272 
0.297 
0.003 
0.001 
0.002 
0.003 
0.000 
0.000 
0.003 
0.000 
0.002 
0.000 
0.020 
0.007 
0.007 
0.005 
0.005 
0.004 
0.001 
0.002 
0.008 
0.11 
• 
Date 
1971 
6 June 
7 June 
12 June. 
17 .June 
22 Juoe 
23 June 
1 .July 
1971 
7 June 
12 June 
17 June 
22 June 
22 June 
23 June 
1 July 
1971 
12 June 
17 June 
22 June 
22 June 
23 June 
1 July 
22 Jqne 
APPENDIX--Ccntinued 
==== ========-
mg H/lite.r 
Soluble 
Velocity, 
µm/s 
Ortho- Total P..mmonia }fit:rite. Nitrate 
phosphate Phosphate Nitrogen Nitrogen Nitrogen 
Callee.tor 5 G (25 m, 0.88_ m) 
0.102 
0.026 
0.017 
0.102 
0.058 
0.082 
0.095 
0.100 
0.23 
0.67 
0.83 3.74 
Collector 5 H (40 m> 0.91 m) 
0.013 0.24 
0.32 0.04 
0.093 
0.051 
o. 018 
0.075 
0.095 0.52 
Collector 5 
0.010 
0.122 
0.114 
0.140 
0.025 
0.160 
0.14 0.53 
1.1 2.9 
I (15 m, 0.74 m) 
Collector 5 J (55 m, 0.96 m) 
0.012 
0. 001 . · ~ Q .OOl . 
0.000 0.003 
0.003 0.007 
Date 
22. June 
23 June 
1971 
22 June 
23 June 
1 July 
l; July 
6 July 
21 ~Tuly 
*15 October 
12 November 
28 Decemoer 
30 December 
JO December 
1971 
22 June 
23 June 
1971 
1 July 
li July 
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APPENDIX-Continued 
rag POz/litcr rag N/lite.r 
----~---
Soluble 
Velocity, 
r ra/s 
Ortho- Total lm1monia Nitrite Nitrate 
phosphate Phosphate Nitrogen Nitrogen Nitrogen 
0.003 
0.004 
Collector 5 K (J m, 0.20 m) 
0.623 
0.605 
0.565 
0.817 
0.710 0.41 1.13 l.3 
0.858 
0.450 
0.898 
0.920 
o. 776 0.53 0.80 0.79 
0.732 0.91 0.50 0.70 
0.743 
(lake) (0.22) (0. 32) ·co.16) 
0.805 0.14 0.40 0.36 
(lake) (0.07) (0 .14) (0.13) 
Collector 5 L (70 m, 1.2 m) 
0.008 
0.006 
0.008 
Collector 5 M (15 m, 0.80 o) 
0.120 
0.175 
0.209 
0.000 0.005 
o. 001. 0.003 
0.000 0.003 
(0.004) (1.6) 
0.000 0.005 
(0.002) (O .11) 
-~· 
Date 
1971 
1 July 
4 July 
1970 
28 November 
19 71 
24 J.anlk1.ry 
7 :rebruary 
6 March 
l+ April 
!+ April 
8 Hay 
8 May 
1 June 
1 June 
17 ~Tune 
17 June 
22 June 
24 June 
4 July 
12 September 
*24 September 
1971 
24 January 
7 February 
16 April 
16-21 April 
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APPENDIX:...-Contir~ued 
mg N/liter 
Soluble. 
Velocity,. 
;,< m/ s 
Ortho- Total Ammonia Ni.trite Nitrate 
phosphate Phosphate Nitrogen Nitrogen Nitrogen 
Collector 5 N (15 m, 0.80 m) 
0.145 
0.139 
0.212 
Collector 6 (30 m, O. 94 m) 
0.065 0.22 2.8 0.000 0.005 
0.044 0.30 0.35 0.007 0.009 
0.014 0.07 0.16 0.004 0.010 
0.017 0.19 0.60 0.003 0.003 
0.107 0.33 0.38 0.000 0.008 
(lake) (0.27) (0.39) (O. 002) (0.123) 
0.081 0.73 0.28 0.000 -0.010 
(lake) (0.08) (O. 03) (O.UOO) (O. 003) 
0.163 0.24 0.2T 0.001 0.000 
(lake) (0.00) (0.12) (O. 001) · (0.003) 
0.282 0.43 0.71 0~39 0.001 0.005 
0.337 
0.149 
0.254 
0.565 0.41 2.62 0.76 0.000 0.006 
0 .139. 0.10 0.5 0.001 0.003 
0.105 0.01 0.20 1.08 0.000 . 0.012· 
Collector 7 (40 tt, 0.9 m) 
0.012 
0.001 
(lake.) (0. 27) (0.80) (0.42) (O. 001) (O. 001) 
0.001 0.21 0.31 16.0 0.001 0.003 
l 
r 
I 
t 
f 
l 
[ 
( 
I 
I 
( 
r 
80 
APP ENDIX---Go n t 
mg N/lit:er 
Soluble 
Ve.lac ity, Or tho- Total A:wci.onia Ni trite ti"itrate 
Date ;.,: phosphate Phosphate Nitrogen i.'Ji Nitrogen 
26-27 Hay 
27-31 Hay 
8 June 
5-8 June 
0.003 
0.001 
(lake) 
0.001 
.Q.40 
(0.27) 
0.40 
(0.80) 
0.60 
· 0.51 
(0.40) 
.21.0 
Collector 8 (15 m, 0.7 m) 
(0. 001) 
0.002 
0.16 
(0.001) 
0.004 
-·----·---------------------------------
1970 
28 ilovember 
1971 
2li. .January 
7 February 
4 April 
16 April 
26-31 Nay 
8 ,June 
1971 
6 Harch 
16 April 
16-21 April 
4-8 June 
1970 
28 November 
1971 
24 January 
7 February 
4 April 
16 April 
26-31 Nay 
0.000 
0.019 
0.002 
0.000 
0.000 
0.008 
(lake) 
0.35 
0.46 
(0.24) 
14 .4 
2.15 
(0 .32) 
Collector 9 (18 m, 0.75 m) 
0.000 
(lake) 
0.000 
0.002 
(0.23) 
0.11 
0.65 
(0.33) 
1.14 
0.26 
Collector 8 (15 m, 0.7 m) 
0.000 
0.019 
0.002 
0.000 
0.000 
0.003 
0.35 
0.46 
14.4 
2 .1.5 
0.20 
0.002 
(0.001) 
0.34 
0.16 
(0. 004) 
(0.001} (0.003) 
0.007 
0.003 
0.020 0.034 
0.002 0.016 
Date 
8 June 
1971 
6 Harch 
16 April 
16-21 April 
4-8 June 
Velocity, 
;.,i rn/ s 
(lake) 
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mg N/1:Cter 
Soluble 
Ortho- Total Ammonia Nitrite. Nitrate. 
·phosphate Phosphate Nitrogen Nitrogen Nitrogen 
(0.24) . (0.32) (0.001) (0.004) 
Collector 9 (18 m, 0.75 m) 
0.000 
(lake) 
0.000 
0.002 
(0.23) 
0.11 
0.65 
(0.33) 
1.14 
0.26 
(0~001) (0.003) 
0.007 
0.003 
I 
I 
I 
------------' l 
1971 
4 July. 
6 July 
8 July 
11 July 
6 August 
17 August 
20 August 
21 .. September 
~ ~ 
J..J October 
29 October 
11 December 
30 December 
1972 
26 May 
1971 
4 July 
Collector 10 (4 m, 0.38 m) 
0.572 
0.535 
0.623 
0.326 0.45 
0.15 
0.356 
0.384 0.82 
0.265 
0.457 0.11 
0.588 0.12· 
0.142 0. 22 
0.542 0.19 
0.348 0.19 
1.140 0.10 
Collector 11 
0.423 
0.375 
0.416 
1.26 0.71 
0.37 0.11 
a.so 0.33 
0.46 0.09 
0.34 0.09 
0.50 0.35 
0.28 0.05 
0.12 0.00 
0.16 0.28 
(9 m, 0.46 m) 
0.149 
0.842 
0.224 
0.127 
0.018 
.0.075 
0.003 
0.002 
0.028 
0.990 
0.59. · 
2.27 
8.14 
9.4 
5.12 
8.00 
9.5 
. 2~92 
J 
( 
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APPE:-.'DIX--Co nt i.nu~d 
mg PO 4 /liter rng N/lite.r 
-------· ----· --·~----
Soluble. 
Velocity, Ortho- Total iumnonia Nitrite Nitrate 
Date j./. ml s phosp!'late Phosphate Eiit:rogen Nitrogen fiitrogeu 
6 July 0.409. 
8 July 0.365 · u.32 0.61 - 0.56 0.075 0.025 
11 July 0.465 0.36 0.29 0.28 0.333 0.475 
26 July 0.265 
6 August 0.456 
19 August 0.276 0.45 0.19 0.22 0.016 0.484 
*27 September 0.350 0.14 0.30 0.19 0.053 3.64 
*15 October 0:425 0.11 0.64 0.05 0.017 4.40 
Collector 12 (19 m., o. 75 m) 
1971 
4 July 0.216 
o. 254 
6 .July 0.059 
8 July 0.143 0.92 0.007 0.001 
11 July 0.198 1.14 1. 87 4.9 0.000 0.004 
26 July 0.116 0.96 l.35 1.94 0.000 0.004 
26 July 0.234 
6 August 0.267 
*24 September 0.272 0.31 0.20 0.63 0.001 0.013 
*15 October 0.21 0.74 0.48 o.ouo 0.003 
*29 October 0.148 0.44 0.48 0.31 0.000 0.018 
Collector 13 (13 m, 0.63 ra) 
1971 
4 July 0.291 
0.291 
6 July 0.210 
8 July 0.326 0.66 0.32 3.85 0.000 0.007 
11 July 0.370 0.59 1.29 3.30 0.000 0.004 
26 July 0.110 0.62 0.96 2..5 0.000 0.003 
6 August 0.338 
*24 September 0.310 0.36 0.22 0.62 0.001 0.013 
*15 October 0.288 0.22 0.54 0.42 0.000 0.003 
*29 October 0.274 0.26 1.86 0.29 0.000 0.004 
1971 
11 
17 
24 
~':: l 
7.,6 
6 
27 
*30 
*.30 
1971 
23 
1971 
6 
8 
11 
21 
26 
6 
17 
24 
29 
12 
17 
*24 
24 
Date 
SepteG!ber 
September 
September 
October. 
October 
November 
November 
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APPtNDlX.--Continued 
mg N/liter 
·--------·~·~--·---
----------
Velocity, 
/..I. m/s 
Soluble 
Ort:ho- Total Ammonia Nitrite Nitrate 
phosphate Phosphate Nitrogen rUtrogen Nitrogen 
Station 14> Lake Concentrations 
0.44 0.82 0.00 0.000 0.003 
0.30 0.72 0.04 0.001. 0.015 
0.22 o.sa 0.08 0.000 0.002 
0.28 0.56 0.04 0.000· . 0.003 .· 
0.20 0.40 0.02 0.001· 0.026 
0.08 0.50 0.01 0.002 0.053 
0.07 0.14 0.03 0.001· 0.004 
December near collector 
1:4£._ ' 0.~09 0:_2a..::. . -- 0 •. 16 ... . 0_014 ... , ..... 3:.92.. .. 
December near collector 
'' ' .. 
14N 0.14 0.31.... 0.03 O.OOL_ 0.340- -,~ -
Collector 14.A (5 m,. 0.2 m) 
October 0.154 0.25 0.34 0.57 0.191 ·3.55 
0.252 0.68 1.10 1. 79 0.246 2.19 
Collector 14B (7 m, 0.28 m) 
July 0.835 
July· 0.803 0.53 0.97 0.18 0.294 3.87 
July 0.369 0.21 0.56 0.16 o. 747 2.34 
July 0.683 0.49 0 . .49 0.35 0.219 3.76 
July 0.522 0.20 o. 7J. 0.49 0.219 3.84 
August 0.615 
Au.gust 0.636 0.50 0.55 0.64 0.349 3.04 
August 0.583 0.68 
August 0.585 0.64 
Se.pte:mbe:r 0.685 0.44 0.38 0.90 0.163 7.3 
Se.p teober 0.723 0.64 0.97 0.16 0.106 9.6 
September 0.615 0.64 0.48 0.22 0.128 8.97 
September 0.600 
1 
I 
.· .i 
·n 
\ 
I 
I 
l 
Dat2 
* l October 
26 October 
6 October 
27 October 
*30 December 
1971 
11 September 
17 September 
24 s~ptember 
23 October 
6 November 
1971 
11 September 
17 September 
21+ September 
"· l October 
23 October 
6 November 
27 Nover:i.ber 
1971 
19 August 
24 August 
*29 August 
11 September 
17 September 
24 Septembe.r 
23 October 
APPENDIX--Continued 
r.ig N/liter 
---------. ----·· 
Soluble 
Velocity, 
;.,c m/ s 
Ortho- Total Arilro.oni;:i Nitrite Nitr2.te 
phosphate Phosphate. Nitrogen ihtrogen l:Iitrogen 
0.600 0.96 0.17 0.16 3.54 
b.623 0.15 0.54 0.13 0.102 10.0 
0.612 1.85 0.78 0.01 0.024 10.8 
0.276 0.16 0.20 0.08 0.017 12.3 
0.543 0.14 0.32 o.oo 0.000 8.8 
Callee.tor l<'1C (7 m> 0.3 m) 
0.6.35 0.50 0.48 1.06 0.636 2.2 
0.589 0.44 0.74 0.70 0.746 5.8 
0.605 0.Jl 0.28 0.53 0.913 4.7 
0.522 0.22 0.90 0.39 0.046 4.76 
0.190 1. 78 0.44 0.32 0.572 5.33 
Collector 14D (7 m, 0.3 m) 
0.722 1.21 1.06 1.3 0.065 0.91 
0. 744 0.50 1.20 0.79 0.086 1.97 
0.158 0.44 u. 56 0.50 · 0.105 1.51 
0. 710 0.46 0.44 0.35 0.149 3.52 
0. 710 0.46 0.44 0.35 0.149 3.52 
0. 763 0.28 0.15 0.033 5.32 
0. 715 0.18 0.22 0.05 0.020 5.62 
Collector 14E (7m, 0.28 m) 
0.640 0.27 0.89 5.7 0.001 o.oos 
0.682 0.52 
0.328 0.63 
0.743 0.71 0.65 2.93 0.083 8.9 
0.790 0.75 1.55 2.28 0.046 10.0 
0.501 0.44 0.54 2.95 0.041 10.G 
0. 710 0.29 0,52 2.95 0.101. 20.3 
Date 
G November 
7 7 ·November 
30 December 
1972 
26 Hay 
1971 
23 October 
6 November 
1971 
* 1 October 
23 Octob2.r 
6 November 
1971 
* 1 October 
23 October 
6 Octobar 
1971 
* 1 October 
23 October 
6 November 
65 
.APPEHDIX--Continued 
r;ig N/liter 
Soluble 
Ortho- 'l'otal Arfilllonia Nitrite Nitrat:= 
p m/s phosphate Phosphate Nitrogen Nitrogen Nitrogen 
o. 777 1.14 
0. 76l, 0.17 
0.487 0.08 
1.030 0.30 
Collector 14F 
0.233 
0.690 
0.29 
0.60 
0.80 
0.22 
0.32 
0.30 
(5 :m,. 
0.4l~ 
0.70 
2.35 
2.09 
3.4 
2.48 
0.2 m) 
0.57 
0.60 
Collector 14G (7 m,. 0 .. 3 m) 
0.640 
0.248 
0.356 
0.34 
0.33 
0.64 
0.64" 
1.16 
0.60 
1.10 
1.67 
0.50 
Collector 14R (7 m, 0.3 m) 
0.281 1.16 1.12 2.34 
O.lOS 1.93 2.82 5.7 
0.043 2.2 2.06 4.9 
Collac.t:or 14I (7 m,,. 0.3 m) 
0.317 0.33 1.04 2.19 
0. 304 0.92 5.08 5.5 
0.358 0.56 O .56. I.08 
0.039 .16.0 
0.052 _13.2 
0.037 14~ 
0.07.Z 16.0 
0.390 12.5 
0.213 17.6 
0.001 
0.002 
0.058 
0.005 
0.003 
0.006 
0.002 
0.001 
0.143 . 
0.017 
·0.004 
2.24 
0.019 
0.018 
0.031 
0.013 
0.008 
2 .. 43 
I 
I 
l 
l 
/I 
I 
[ 
~ 
86 
APPEI~DI.X--Co ntin ued 
mo-
0 P04/liter rno-0 14/liter 
Soluble 
V::·;laci Or t:~,o ~Cota}. 1\n:rfi1oni3 tiitrit.2 ~-~ ·! r r ~_,: .~ ::~ 
Date m/s pho"'?i-1ate Phosobate NLtr0~en ::-.ri t-rc g S::tl ... ..__..., 
Collector 14J (7 m, 0.28 m) 
1971 
l'.J August 0.352 0.38 0.80 l.18 0.045 
2L~ August 0.562 0.55 
29 August 0.476 0.79 
11 Septernbe.r 0.457 1.26 1.36 L40 · 0.023 0.400. 
17 September 0.588 0.64 0.97 0.46 O.OOl 9.46 
24 September 0.448 0.62 0.80 0.56 O.lll 8.251 
'/: 1 October 0.470 0.22 0.32 0.17 8.27 
23 October. 0. 522 · 0.47 L08. 0.31 3.74 50.4 
6 Hovember 0.584 . 0.86 0.40 0.28 0.048 11. 7 
Callee.tor 14K (J.2 m~ 0.44 m) 
1971 
11 September 0.713 1.08 0.62 0.83 0.004 
17 September 0.760 1.00 1.12 0.60 0.001 0.081 
2i; September: 0.756 o.4a 0.58 0.54 0.000 0.004 
1 October 0.602 0.21 0.44 0.000 0.003 
23 October 0.789 0.10 D.36 0.25 0.000 O.OU3 
6 November 0.835 1.04 3.26 0.20 0.001 0.003 
27 November 0.492 0.11 o. 20 0.17 0.002 0.003 
-::CJ() December 0.743 0.21 0.32 0.20 0.000 O.OiJ3 
Collector 14L (12 m, 0.70 m) 
1971 
11 September 0.955 0.52 0.46 0.54 0.000 0.002 
17 September U.680 1.12 0.90 0.65 0.000 0.007 
24 September 0.805 0.58 0.62 0.58 0.000 0.002 
1 October 0.731 0.25 0.40 0.35 0.000 0.002 
23 October 0.720 0.29 0.44 0.24 0.001 0.003 
,. November 0.748 1.42 0.36 0.1B O.OOJ. 0.003 0 
Collector 14M (12. m, 0.44 m) 
1971 
11 September 0.370 0.81 0.85 1.68 0.012 0.187 
17 September 0.370 0.72 1.18 J..J.8 o.ouo 0.022 
24 September 0.322 o. 62 0.54 1.05 0.000 tl.004 
1 October 0.607 a r"\, • LJ. 0.50 0.81 0.000 0.009 
23 October 0.390 0.27 0.36 0.37 0.000 0.005 
Date 
6 November 
27 November, 
197l 
u September 
17 September 
24 September 
* 1 October 
23 October 
6 November 
27 November 
*30 December 
1971 
11 September 
17 September 
24 Sept.ember 
* 
] October 
30 December 
1971 
6 July 
8 July 
11 July 
26 July 
6 August 
17 August 
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APPEi.~DIX--Continued 
mg N/litex 
Soluble 
Vzlocity, 
.,u ml s 
Ortho- ·Total Ammonia Nitrite Nitrate 
phosphate Phosphate Nitrogen Nitrogen Nitrogen 
0.037a 
o.oooa 
Collector 14N (17 m~ 0.52 m) 
0.790 0.70 0.67 0.90 
o. 786 1.15 L52 0.65 
0.538 0.86 0.56 0.53 
0.308 0.24 0.50 0.43 
0.862 0.09 1.14 0.24 
0.685 1.34 0.44 0.12 
0.747 0.17 0.28 0.11 
0.650 0.02 0.28 0.16 
Collector 14P (50 m, o. 9 m.) 
0.224 0.96 1.50 3.57 
0.200 1.44 1.17 12.0 
0.013 
0.249 0.35 1. 31. 2.95 
O • .Z60 
Collector 15 (5 m, 0.3 m) 
0.473 
0.565 1.26 3.5 1.88 
0.614 0:16 3.52 1.1 
0.115 1.67 3.52 4.5 
o. 257 
0.297 1.46 1.24 3.7 
0.001 ... · 0.002 
0.000 0.006 
0.000 0.002 
0.000 0.002 
0.001 0.004 
0~001 - 0.003 
0.001 0.002 
0.000· 0.004 
0.001 0.004 
0.002 · O.O.L4 
0.000 0~003 
0.000 0.009 
0.000 0.002 
0.000 0.007 
0.000 0.000 
aLow values were due to gas accumulations in the cylinder. 
I 
I 
I 
I 
I [ 
r I 
\ ' 
Date 
-"'24 September 
*1.5 October 
·r-2.9 October 
0
·,11 December 
*11 December 
1971 
19 .Tuly 
20 July 
23 July 
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APPENDfX--Continued 
Soluble 
V"eloc_it:/ > Ortho- Total l\Irt.7110!1.i;:L 
r m./s phosphate Piiosphate Nitrogen 
0.507 0.24 0.36 L05 
0.420 0.24 0.40 0.90 
0.508 0.15 0.34 0.54 
0.16 0.24 0.28 
(lake) (O. 02) (0.48) (0.12) 
Collector 16 (90 m~ l.15 m.) 
0.013 
0.073 
0.016 
mg N/liter 
;:~j.tri te i-iitrats 
Nitrogen Nitrogen 
0.000 0.002 
0.000 0.002 
0.000 0,001 
0.000 0.002 
(0.000) (0.004) 
···--------------------------·----------
1971. 
19 July 
2J July 
21 July 
1971 
19 July 
20 July 
21 July 
1971 
19 July 
21 July 
24 July 
6 August 
Collector 17 (100 m> 1.5 m) 
0.073 
0.062 
0.006 
Collector 17. (100 m, 1.5 m) 
0.073 
0.062 
0.006 
Collector 18 (80 m, 1.2 m) 
0.063 
0.008 
0.075 
0.034 
Date 
1971 
19 July 
21 July 
23 July 
1971 
24 .July 
6 August 
----
1071 
21 July 
1971 
23 July 
28 July 
6 August 
*24 September 
1971 
23 July 
24 July 
89 
APPENDIX--Con,inued 
Soluble 
mg N/liter 
Velocity, 
r mis 
Ortho- Total Ammonia Nitrite Nitrate 
phosphate Phosphate Nitrogen Nitrogen :Nitrogcln 
Collector 19 (110 m~ 1.5 m) 
0.032 
0.002 
0.003 
Collector 20 (90 m, 1.6 m) 
0.115 
0.286 
Collector 21 (160 m~ l.5 m) 
0.004 
Collector 22 (25 m~ 0.9 ra) 
o •. 156 
0.092 Q.85 1.77 5~8 
0.155 
0.394 0.27 0.48 0.89 
Collector 23 (60 m, 0.9 m) 
0.008 
0. 007. 
0.000 
0.00,J 
0.001 
I 
I 
1 
I 
j 
l 
I 
l 
I 
j 
[ 
( 
I 
l 
( 
. I 
I 
I 
.. 
1971 
24 July 
1971 
19 August 
*21i Se.pt ember 
*15 October 
1971 
19 August 
i:.2.:+ Septeober 
*15 October 
*11 Decdrlber 
i,Ji) December 
1971 
19 August 
*24 September 
1971 
19 August 
*24 Septe.:nber 
90 
mg P04/liter mg N/lite.r 
Soluole 
Ortno- Total Ammonia Nitrite Nitrate Velocity, 
,,u m/s phosphate Phosp,1ate lUtrogen Nitrogen Nitrogen 
Collector 24 (55 m~ 1.0 m) 
0.029 
Collector 25 (7 m., 0.28 m) 
0.146 0.29 0.22 0.93 0.118 
0.254 0.25 0.80 0.66 0.145 6.37 
0.402 0. 60 0.44 0.43 0.128 6.15 
Collector 26 (9 m, 0.50 m) 
0.605 0.20 0.29 1.06 0.004 
0.457 0.23 0.20 0.64 0~138 3.78 
0.236 0.70 0.56 4.8 0.027 0.30 
0.432 . 0.10 0.20 0.20 0.036 3.52 
0.484 0.12 0,32 0.23 0.033 3.40 
Collector 27 (11 m,. 0. 5 J;l) 
0.286 0.20 0.15 0.62 0.001 
0.406 0.24 0.40 0.96 0.000 0.003 
Collector 28 (9 m.~ 0.5 m) 
0.392 0.40 U.38 0.87 0.000 0.003 
0.437 0.15 0.24 0.35 0.039 5.73 
Date 
1971 
*29 October 
1971 
*29 October 
28 Dc'.C.embe.r 
1~71 
20 July 
1971 
24 July 
1971 
24 July 
1971 
24 July 
Sl 
APPENDL'<--Con t inued 
mg N/liter 
---------- --------
Soluble:. 
Velocity, 
_µm/s 
Ortho- Total Aium.onia Nitrate Nitrate 
phosphate Phosphate Hitrogen Nitrogen Nitrogen 
Collector 29 (5 m,. 0.2 ni) 
0.660 0.08 0.62 . 0.34 
Coll~ctor 30 (5 m, O.Z m) 
0.780 
(lake) 
0.19 
(0.31) 
0. 44-
(0. 44) 
0.34 
:(0.14) 
Collector 31A (10 m:, 0. 5 m) 
0.646 
Collector 31B (10 m, 0.5 m) 
1.110 · 
Collector 31C (10 m, 0.5 m) 
0.297 
Coll~ctor 31D (10 m, 0.5 m) 
0.336 
0.146 · 4.14 
0.187 
(0.054) 
2.44 
(4.90) 
Date 
1971 
2!1 July 
') .. 
""tl ,July 
28 .July 
6 August 
18 August 
*Ztt Se.pterri..',er 
*16 October 
*29 October 
--------
1971 
18 August 
1971 
18 August. 
1971 
18 August 
12 Sept en::b er 
17 Se?tember 
17 September 
1,24 Sept2mber 
i,15 October 
*29 October 
92 
mg N/liter 
Soluble 
Velocity, 
)A m/ s 
Ortho- Total Ammonia Nit:rit~ Nitrai:e 
phosphate Phosphate Nitrogen Nitrogan Nitrogen 
Collector 31E (9 m, 0.55 m) 
l.02 
1.14 
1.05 
1.07 0.45 0.80 0.000 0.001 
0.946 
0.903 0.62 
l. 05 0.17 0.40 0.74 0.000 0.002 
1.06 0.'36 0.40 0.83 0.000 - 0.003 
1.32 0.16 0.78 1..02. 0.000 0.002 
Collector 32A (9 m, 0.5 m) 
2.15 1.40 
Collector 32B (9 rn, -0. 5 m) 
o. 732 1.35 
Collector 32C (9 m, 0.5 m) 
2.58 1.50 
0.81.8 1.94 2.33 0.30 0.000 0.002 
2.3J 
2.34 1.13 0.83 3.57 0.UGO 0.002 
2.42 1.30 1.92 3.71 0.000 0.001 
1.99 1.02 1.30 4.0 0.000 0.002 
l. 82 1.14 1. 8S 3.85 0.000 Q,Q02 
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